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INTERNATIONAL PRELIMINARY 
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International application No. PCT/E POO/01 877 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7))\ 
Description, pages: 

1-21 as originally filed 

Claims, No.: 

1-8 as originally filed 

Drawings, sheets: 

1/4-4/4 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/lPEA/409 (Boxes I -VI II , Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/E POO/01 877 



□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



II. Priority 

1 . □ This report has been established as if no priority had been claimed due to the failure to furnish within the 

prescribed time limit the requested: 

□ copy of the earlier application whose priority has been claimed. 

□ translation of the earlier application whose priority has been claimed. 

2. □ This report has been established as if no priority had been claimed due to the fact that the priority claim has 

been found invalid. 

Thus for the purposes of this report, the international filing date indicated above is considered to be the relevant 
date. 

3. Additional observations, if necessary: 
see separate sheet 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-8 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-8 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-8 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item II 
Priority 

The document Ursini et al. 'Dual function of the selenoprotein PHGPx during sperm 
maturation' Science, 285, p. 1393-1395, indicated in the search report as an 
intermediate document is not to be regarded as state of the art according to Rule 64.1 
PCT, as the date of priority claimed can be allowed for the relevant parts of the present 
application. 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 

D1 : MAIORINO M. ET AL.: Testosterone mediates expression of the 

selenoprotein PHGPx by induction of spermatogenesis and not by direct 
transcriptional gene activation' FASEB J., vol. 12, 1998, pages 1359-1370 

D2: MAIORINO M. ET AL.: 'Phospholipid hydroperoxide glutathione peroxidase' 
METHODS ENZYMOL., vol. 186, 1990, pages 448-457 

2. Novelty 

Claims 1-7 and 8 are novel within the meaning of Article 33(2) PCT, since a 
method for determination of latent phospholipid hydroperoxide glutathione 
peroxidase (PHGPx) comprising the use of chaotropic agents for solubilizing a 
sperm sample and reactivation of the enzyme by using high concentrations of 
thiols, and the use of said method in predicting the fertilization potential of 
spermatozoa, respectively, do not form part of the state of the art known to the 
examining authority. 
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3. Inventive step 

3.1 Document D1 , which is considered to represent the most relevant state of the art, 
discloses a method for the determination of PHGPx in a sperm sample. A testis 
homogenate from rats is obtained, wherein after decapsulation, testes are diluted 
in buffer containing 1% Triton X-100 and 5 mM beta-mercaptoethanol. Cells are 
lysed using a freeze-thawing technique and, after removal of cellular debris, the 
supernatant is assayed for enzyme activity, following an additional purification 
step using size exclusion chromatography (page 1360, column 2, lines 35-50). It is 
shown that PHGPx is the main selenoperoxidase in rat testis and correlates with 
sexual maturation. 

3.2 The subject-matter of claim 1 differs from the teaching of D1 in that the method of 
lysing spermatozoa comprises the use of chaotropic agents and the addition of 
high concentrations of thiols. 

The underlying objective problem may therefore be seen in providing a method for 
reactivating PHGPx, which has lost its enzyme activity, in a sample preparation 
prior to assaying said activity. 

In document D2, it is noted that a substantial activity of PHGPx is present in 
membranes of subcellular organelles, which can be partially recovered by high 
ionic strength extraction (page 449, lines 6-9). Two alternatives for preparation of 
PHGPx from tissue are disclosed (page 455, lines 13-36). 

However, no indication can be found in the state of the art that would prompt the 
skilled person to denature PHGPx using chaotropic agents and reactivate 
enzymatic activity by adding a high concentration of thiols prior to a functional 
assay in order to solve the above stated problem. 

Claim 1 is therefore considered as being inventive within the meaning of Article 
33(3) PCT. 

3.3 Dependent claims 2-7 refer to further specific embodiments of the method of claim 
1 and consequently also meet the requirements of Article 33(3) PCT. 

3.4 Claim 8 also complies with the provisions of Article 33(3) PCT since the use of the 
novel and inventive method of claims 1-7 in predicting the fertilizing potential of 
spermatozoa is neither disclosed nor rendered obvious in the prior art. 
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Re Item VII 

Certain defects in the international application 

The term IPG-phor used in the description, page 12, line 26, appears to be a registered 
trade mark and should be identified as such. 



Re Item VIII 

Certain observations on the international application 

1 . The relative term "high concentration" used in claim 1 has no well-recognised 
meaning and leaves the reader in doubt as to the meaning of the technical feature 
to which it refers, thereby rendering the definition of the subject-matter of said 
claim unclear (Article 6 PCT, see also PCT Guidelines NI-4.5). 

2. Claim 1 is not supported by the description as required by Article 6 PCT, as its 
scope is broader than justified by the description, the reason being as follows: 
Claim 1 discloses the addition of chaotropic agents as well as high concentrations 
of reducing agents to a sample, and the determination of enzymatic activity of 
PHGPx. However, based on the teaching of the description (e.g. page 7, lines 13- 
14; page 17, lines 8-12), removal of low molecular weight compounds appears to 
be an essential step before assessing the enzymatic activity of the protein. Since 
it appears unlikely that a protein exhibits its function in a denatured state (i.e. in a 
solution containing chaotropic agents), removal of said low molecular weight 
compounds should be included in the wording of claim 1 to meet the requirements 
of Article 6 PCT. 

3. The vague and imprecise statement in the description on page 3, lines 13-21 , 
implies that the subject-matter for which protection is sought may be different to 
that defined by the claims, thereby resulting in a lack of clarity of the claims 
(Article 6 PCT) when used to interpret them (see also PCT-Guidelines, lll-4.3a.). 
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This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 



sheets. 



This International Search Report consists of a total of 6 

|X~| It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 



language in which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 

was carried out on the basis of the sequence listing : 

| j contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

| ] furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readble form. 

| | the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

| | the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

| | Certain claims were found unsearchable (See Box I). 
| | Unity of Invention Is lacking (see Box II). 



4. With regard to the title, 

[X] the text is approved as submitted by the applicant. 

[ | the text has been established by this Authority to read as follows: 



With regard to the abstract, 

[X] the text is approved as submitted by the applicant, 
the text has been established, according to Rule 3 

within one month from the date of mailing of this international search report, submit comments to this Authority 
The figure of the drawings to be published with the abstract is Figure No L. 



| — j the text has been established, according to Rule 38 2(b). by this Authority as it appears in Box III. The applicant may. 



| | as suggested by the applicant. Q None of the figures. 

[X] because the applicant failed to suggest a figure 

[ | because this figure better characterizes the invention 
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CATALYSTS IN OXYGEN RADICAL REACTIONS 



[20] 



myoglobin which possesses a very slow rate of autoreduction; (3) its 
formation is relatively easy, requiring only metmyoglobin and H : 0 2 solu- 
tions; (4) its concentration can be assessed reliably by absorption spectros- 
copy; and (5) the latter property permits indirect quantification of antioxi- 
dant molecules consumed and facilitates calculation of rate constants. 



[20] Enzymatic and Immunological Measurements of Soluble 
and Membrane-Bound Phospholipid-Hydroperoxide 
Glutathione Peroxidase 

By Antonella Roveri, Matilde Maiorino, and Fulvio Ursini 
Introduction 

Phospholipid-hydroperoxide glutathione peroxidase (PHGPx, EC 
1.1 1.1. 1 2) is a selenoenzyme in which selenium is present in the active 
site as selenocysteine. 1 The TGA codon, which specifies for the [SejCys 
incorporation in polypeptide chains has been identified in the cDNA 
sequence. 4 PHGPx has been purified to homogeneity from several sources, 
namely, pig heart, liver, and brain,'* 5 rat testis and liver, and human 
placenta (A. Roveri, M. Maiorino, and F. Ursini, unpublished), 

PHGPx reduces phospholipid hydroperoxides as well as small soluble 
hydroperoxides. 6 It has been observed that PHGPx is also competent 
for the reduction of cholesterol and cholesterol ester hydroperoxides in 
liposomes, membranes, and oxidized low-density lipoproteins. 7 g This ca- 
pability to react with different hydroperoxides accounts for the evidence 
that all titrable hydroperoxide groups generated in microsomal membranes 
during lipid peroxidation are reduced by this enzyme, while being resistant 



1 M. Maiorino, C. GregoiiD, and F. Ursini, this scries. Vol. 186. p. 44? (1990) 

1 A Bock, K. Forchhammer, J. H«ider, and C. Baron, Trends Bioi Sci. 16, 4*3 f 1991). 

' R. A Sundc, Annu. Rev. Nutr. 10, 451 (1990), 

* R Schuckeii, R Brigclius-Flohc', M. Maioruio, A. Roveri. J. Reumkens. W Strass burger, 
F. Unim. B. Wolf, and L. Flohe'. Free Radical Res Commun. 14, H3 (1991). 

} F. Ursini. M. Maiorino, M. Vaknte, L. Ferri, and C. Gregolin, Biochim. Biopkvs Acta 
710, 197 (1982). 

6 F Ursmi. M. Maiorino, and C Gregolin, Biochim. Biophys Acta 839, 62 < 1985) 

7 J P. Thomas, M. Maiorino, F. Ursini. and A. W. Girottj, J Biol. Chem. 265, AH (1990). 
1 J P. Thomas, P. G. Geiger, M. Maiorino, F. Ursini, and A W, Giroiti, Biochim. Biophyr. 

A cia 1045, 252 (1990). 
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PHOSPHOLIPID-HYDROPEROXIDE GLUTATHIONE PEROXIDASE 203 



to classic glutathione peroxidase (GPx). 9 The observation that microsomal 
lipid peroxidation is inhibited by PHGPx and glutathione only if the mem- 
branes contain a physiological amount of vitamin E suggests a tandem 
mechanism for the two antioxidant activities. 

During microsomal lipid peroxidation peroxy radicals are produced, 
which, by reacting with other lipids, generate carbon-centered radicals, 
thereby propagating peroxidation and producing lipid hydroperoxides. 
Metal ion-catalyzed reductive decomposition of the hydroperoxides gener- 
ates alkoxy radicals able to start new peroxidation chains. By reacting 
with lipid peroxy radicals, vitamin E prevents propagation and also gener- 
ates lipid hydroperoxides, which if reduced by PHGPx do not give rise 
to alkoxy radicals. PHGPx, therefore, prevents the formation of new 
peroxidation chains and spares vitamin E. 10 

It has long been known that selenium is specifically required for normal 
spermatogenesis" and that its concentration in testis is carefully controlled 
by a homeostalic mechanism, leading to a priority of supplementation 
over other organs. 3 A high PHGPx activity has been observed in adult 
rat testes, mostly linked to the nuclear and mitochondrial fractions. 13 
Moreover, the enzyme is expressed only after puberty, disappears after 
hypophysectorny, and is partially restored by gonadotropin treatment, 
suggesting its involvement in cellular proliferation and/or differentiation. 

Factors addressing PHGPx in the membrane or soluble compartment 
at present are not known. Membrane-bound PHGPx from testes shows 
the same substrate specificity, electrophoretic mobility, immunological 
reactivity, and peptide mapping with cyanogen bromide and SV-8 protease 
with respect to the cytosolic form (A. Roveri, M Maiorino, and F. Ursini, 
unpublished). In organs other than adult testes, membrane-bound PHGPx, 
although identifiable by immunological techniques, is hardly detectable 
by enzymatic assays. For this reason, which is possibly related to modula- 
tion of enzyme activity in vivo, it is advisable to evaluate PHGPx in terms 
of both specific activity and protein. 

Materials 

Glutathione reductase (EC 1.6.4.2), type IV from bakers' yeast; 
^-nicotinamide adenine dinucleotide phosphate, reduced form 

*M Maiorino, A. Roveri. F. Ursini. and C. Grcgolin, J Frte Radicals Biol. Mtd. 1, 
203 (1985). 

10 M Maiorino. M Coassin, A. Roven, and F. Ursini, lipids 24, 721 (1989). 

11 A S. H Wu. J E Oldficld, L. R. Sruill, and P R Cheese, Biol. Reprod. 20, 793 (1979). 
1 D. Behne, T. Hofer. R von Berswordt-WaJIrabc, and W. Elger. J. Nun. 112, 1682(19*2). 
3 A Roven, A Casasco, M. MaionrK), P DaJan. A. Calligaro. and F. Ursini, /. Biol. Chem. 

267, 6142 (1992) 
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(ft-NADPH); glulathione, reduced form (GSH); ^-phosphatidylcholine, 
type III-S from soybean; and lipoxidase (EC 1.13.11.12), type IV from 
soybean, are purchased from Sigma Chemical Company (St Louis, MO). 
Phenylmethylsulfonyl fluoride (PMSF) and pepstatin A are from Serva 
Feinbiochemica GmbH (Heidelberg, Germany). 

Leupeptin hemisulfate and 3-[(cholamidopropyl)dimethylammonio]-l - 
propane sulfonate (CHAPS) are from Fluka Chemie AG (Buchs, Switzer- 
land). Ethylenediaminetetraacetic acid, disodium salt (EDTA), is from 
Merck (Darmstadt, Germany), 

Biotinylated anti-rabbit immunoglobulin (Ig) and streptoavidin-alka- 
line phosphatase complex are from Amersham International pic (Amer- 
sharn, UK). Triton X-100, 4-nitrophenyl phosphate disodium salt, 
5-bromo-4-chloro-Vmdolyl phosphate (X-phosphatc) and 4-nitro blue tet- 
razolium chloride (NBT) are from Boehrmger Mannheim GmbH (Mann- 
heim, Germany). Dynatech microliter plates (Cat. No. M 129 A) arc 
purchased from PBI International (Milan, Italy) 



Sample Preparation 

Fresh tissues are minced in ice-cold 0.1 M Tris-HCl, 0.25 Af sucrose, 
pH 7.4, containing 5 mM 2-mercaptoethanol, 0.5 /ag/ml leupeptin, 0.7 
M g/ml pepstatin A, and 100 n&m\ PMFS and washed twice. Tissues are 
then homogenized in a Potter homogenizer in 3 volumes of the same 
buffer. Fibrous parts, unbroken cells, and cell debris are eliminated by 
centrifugating at 500 g for 5 min. Supernatants can be used either as 
whole homogenates or separated into subcellular fractions by differential 
centrifugation. Nuclei, mitochondria, microsomes, and cytosol are ob- 
tained by centrifugating at 2000 g for 10 min, at 20,000 g for 30 min, and 
at 105,000 g for 1 hr, respectively. When just smalt samples are available, 
total membrane and soluble fractions are separated by centrifugating the 
whole homogenate at 105 ,000 £ fori hr. Pellets are washed in homogeniza- 
tion buffer, respun, and resuspended to a final concentration of 10-20 mg 
protein/ml. 



Activity Measurement 

Enzymatic activity is measured in a coupled test, by using nonlimiting 
amounts of glutathione reductase as ancillary enzyme and saturating 
amounts of NADPH 14 and phosphatidylcholine hydroperoxides as sub- 

14 R. Heiner Schirmcr, R. Luise Krauth-Siegel, and G E Schultz, in "Coenzymes and 
Cofactors" (D. Dolphin. R. Poulson, and O. Avramovjc. eds ). Vol. .1, Pari A. p. 553. 
Wiley (interscience). New York, 1989 # 
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strate.* 5 Activity is measured spectrophotometrically at 340 nm from the 
specific rate of NADPH oxidation. 

The substrate is prepared by enzymatic hydroperoxidation of phospha- 
tidylcholine by soybean lipoxidasc type IV 1 15 : 22 ml of 0.2 A/Tris-HCl, 
pH 8.8, containing 3 mM sodium deoxycholate and 0.3 mM phosphatidyl- 
choline is incubated at room temperature, under continuous stirring, for 
30 min with 0.7 mg of soybean lipoxidase type IV. The mixture is loaded 
on a Sep-Pak C 1Sj cartridge (Waters-Millipore. Milford MA) washed with 
methanol and equilibrated with water. After washing with 10 volumes of 
water, phosphatidylcholine hydroperoxides are eluted in 2 ml of methanol. 

Traces of deoxycholate are always present in the methanolic solution 
of phosphatidylcholine hydroperoxides. This must be pointed out because, 
in the presence of Triton X- 100, deoxycholate can stimulate PHGPx activ- 
ity, while in the absence of the detergent it is inhibitory. 16 When different 
samples have to be compared, it is, therefore, convenient to use the same 
batch of substrate Methanolic solutions of phosphatidylcholine hydroper- 
oxides ( PC-OOH} are stable for months at -20°. 

The spectrophotometnc test mixture contains, in 2.5 ml, the following: 
0. t M Tris-HCl. pH 7.4, 3 mWGSH, 10 m.WNaNj, 5 mWEDTA, 1.5 IU 
glutathione reductase. 0.1% (v/v) Triton X-100, and 0.2 mM NADPH. 
Samples (0.5-1.5 mg/ml) are added to the test mixture and incubated for 
some minutes at 37° to allow the enzyme and glutathione to be converted 
to the reduced forms. The nonspecific NADPH oxidation rate is recorded 
for 0.5-2 min, and then the enzymatic reaction is started by the addition of 
PC-OOH (10-30 nM). Activity is calculated by subtracting the nonspecific 
oxidation rate from the observed NADPH oxidation rate after the sub- 
strate addition. 

To rule out the presence in crude samples of substances interfering with 
PHGPx activity, it is advisable to repeat the test with different amounts of 
enzyme-containing sample and, if purified PHGPx is available, to check 
that the activity is not affected by the presence of the sample itself. Two 
criteria can be applied to confirm the specificity of the attribution to 
PHGPx of the observed activity. (1) Tojudge the extent of the reaction, the 
nanomoles of NADPH oxidized during the test should be stoichiometric to 
the nanomoles of PC-OOH added at the beginning of the reaction. Thus, 
cither an early arrest of the reaction or a drift of the NADPH oxidation 
rate must be considered suspect. (2) Specificity can be confirmed by 
iodoacetate inhibition: PHGPx and GPx activities are completely inhibited 

J Eskola and S. Laakso. Biochim Biophvs. Acta 751, 30^ (1983). 
16 M. Maionno, A Roven, C. Cregolin, and F Urs.ni. Arch Btochem Biophvs. 251, 600 
11986). 
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after incubation with 2 mA/ sodium iodoacetate in the presence of 3 mM 
thiols. At the pH used, only selenoi moieties involved in the catalytic 
cycle are dissociated and are reactive with iodoacetate. 17 Samples are 
incubated in the reaction mixture containing also 2 mM sodium iodoacetate 
at 37° for 10 min. The activity still present on the addition of PC-OOH is 
subtracted from activity measured as usual. 

Enzymatic activity can also be evaluated fluorimetrically by recording 
the rate of NADPH oxidation, using wavelengths of 350 and 450 nm for 
excitation and emission, respectively. 

Imrnunoenzymatic Determination 

PHGPx as protein is measured by an enzyme-linked immunosorbent 
assay (EL1SA) procedure using rabbit anti-pig heart PHGPx polyclonal 
antibodies and purified pig heart PHGPx as standard . 18 The lest is a compe- 
tition EL1SA in which antigen bound on the surface of the well competes 
with antigen in solution (known amounts of purified PHGPx for the calibra- 
tion curve or unknown amounts for samples) for the antibody. 

Production of Antibodies 

Pig heart PHGPx is purified to homogeneity as previously described 
in this series. 1 Further purification is achieved by preparative gel 
electrophoresis according to Laemmli 19 in a T = 12%, C = 2.67% 
separating gel. About 200 jxg of semipure PHGPx is loaded and run 
in the gel. After staining with Coomassie Brilliant Blue R-250 (CBB), 
the band of PHGPx is cut from the whole gel and exhaustively dtalyzed 
against phosphate-buffered saline (PBS), pH 7.4, at 4°. Gel pieces are 
then homogenized in as small a volume of PBS as possible in a Potter 
homogenizes The homogenate is mixed with an equal volume of 
Freund's complete adjuvant in order to obtain a stable emulsion. This 
is eventually injected into the back of a 2-month-old New Zealand 
rabbit at about 50 injection sites, especially along the backbone, near 
the neck, and near the upper part of the forelimbs and hindlimbs. Booster 
injections are made intramuscularly in the fore limbs and hindlimbs after 
4, 8, and 12 weeks; in this case the protein to be injected is prepared 
as described above, but Freund's incomplete adjuvant is used. 20 

17 j, Chaudiere and A L. Tappet, Arch. Bioehem Biophys. 226, 448 (1983). 
IS E Harlow and D. Lane, "Antibodies: A Laboratory Manual." Cold Spring Harbor Labora- 
tory, Cold Spring Harbor, New York, 1988. 
' U K. Laemmli, Nature (London) 227, 680 (1970). 
ra J L Vaitukaitis, this series, Vol. 73, p. 46. 
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Serum collected 2 weeks after the last booster and tested by Western 
blot analysis recognizes PHGPx on nitrocellulose up to a dilution of 
[ : 4000. Preimmune serum, as well as immune serum adsorbed with puri- 
fied PHGPx, fails to detect the protein. Immune serum raised against pig 
heart PHGPx recognizes this enzyme in different rat, pig, mouse, and 
human tissues. The antiserum is not cross-reactive to classic GPx from 
any source. 

Standard Enzyme 

The protein concentration in PHGPx preparations is determined ac- 
cording to Bradford, using bovine serum albumm (BSA) as the standard 
protein. Different quantities of each preparation (from 2.5 to 15 Mg total 
proteinj are run in a T - 16.5% and C = Wc separating gel according to 
Schagger and von Jagow 21 and stained with CBB. By densitometry scan- 
ning of electrophoretograms, the relative percentage of the PHGPx band 
with respect to all the others is determined to obtain a more accurate 
estimation of the amount of PHGPx. Homogeneous preparations of 
PHGPx are used in EUSA test, both for the coaling of the ELISA plate 
and for the calibration curve. 

Coating of Plates 

Polystyrene plates are from Dynatech. In our experience, the most 
efficient buffer for coating wells with PHGPx is 0.1 M sodium carbonate 
buffer, pH 9.6. Coating is performed overnight at 4°. 

Assay Preparation 

To determine the best conditions for maximal sensitivity in the ELISA, 
different amounts (2.5 to 50 ng in 100 jul of carbonate buffer) of PHGPx 
are coated on each well. Dilutions of immune serum, ranging from 1 : 1000 
to 1 : 8000, are tested for each amount of PHGPx. The antigen-antibody 
reaction is detected as absorbance at 405 nm following the procedure 
described later. 

The amount of PHGPx giving asignal close to saturation in the presence 
of the lowest serum dilution is chosen for coating. The serum dilution to 
be used in the ELISA test is then chosen within the linear part of the plot 
of serum dilutions versus absorbance in wells coated with amounts of 
PHGPx identified as above. In our experience the optimal conditions are 
10.5 ng of PHGPx for coating and a dilution of 1 ; 2000 of antiserum. 

: ' H Schagger and C von Jagow, Anal. Biochem 166, 368 (1987) 
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Fig. 1. (A) Semiiogarithmic plot of PHGPx versus absorbance m the FX1SA test. (B) 
Plot of the logarithm of (A m - A)lA versus the logarithm of PHGPx in solution, where A m 
is the absorbance in the absence of PHGPx and A is the absorbance in the presence of 
different amounts of PHGPx in solution (see text for details). 



Assay Procedure 

Plate coating and adsorption of antiserum with standard PHGPx or 
samples are carried out overnight at 4 C . Standard PHGPx is diluted in 
0.1 M sodium carbonate buffer, pH 9.6, to get a finaj concentration of 
10.5 ng in 100 fj.\ and loaded. Blank wells are coated with 100 jxl of 
carbonate buffer. 

For the standard curve, different amounts of PHGPx (from 0.1 to 12.5 
ng) are diluted to 50 /xl in homogenation buffer and then diluted I : 1 with 
serum diluted I : 1000 in PBS containing Wo BSA, so that the finaj serum 
dilution is 1 : 2000. Each point is repeated four times. 

Eight dilutions (from 0.1 to 7.5 fil) of the sample are tested with the 
corresponding blank (i.e., using wells without any PHGPx) in quadrupli- 
cate. Each sample is first diluted to 50 pi in homogenation buffer and then 
1 ; 1 with diluted serum as for the calibration curve. When dealing with 
total homogenate or membranes, 24 mA/ CHAPS is added to homogenation 
buffer both in the calibration curve and in the samples. This is critical for 
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Fig. I . {continued) 



detection of PHGPx in brain membranes. In this case the sample is first 
incubated for 1 hr at room temperature in the homogenization buffer con- 
taining the detergent. A protein concentration in the sample ranging from 
10 to 20 mg/ml is advisable for an optimal lipid to detergent ratio of sample 
dilutions used for the ELISA. After diluting with serum, samples are kept 
overnight at 4°. 

The day after v*ells are saturated with 250 y.\ of 3% (w/v) BSA in 0.9% 
(w/v) NaCI for 2 hr at 37°, then they are washed once with PBS containing 
0 1% (v/v) Tween 20 and then incubated with 100 fj.\ of adsorbed serum 
for 1 hr at 37°. After incubation with the adsorbed serum, wells arc washed 
three times with PBS, 0. Wo (v/v) Tween 20 and then incubated with 100 
^lof biotinylated anti-rabbit lgdiluted in PBS, \% (w/v) BSA, as suggested 
by the manufacturer, for 1 hr at 37°. Wells are then washed again and 
incubated with 100 /J of streptavidin-alkaline phosphatase complex di- 
luted in PBS, \% BSA, 0. Wc (v/v) Tween 20, as suggested by the manufac- 
turer, for 30 min at 37°. After washing again, the phosphatase reaction is 
started by the addition of 100 /xl of substrate buffer (1 mg/ml 
4-mtrophenylphosphate in 0.1 M diethanolamine hydrochloride, I mM 
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TABLE I 

Phospholipid-Hydroperoxide Glutathione Peroxidase Activity in 
Soluble and Membrane Fractions of Rat Tissues 



Tissue 


Soluble fraction 
(nmol/min/mg protein) 


Membrane fraction 
(nmot/min/mg protein) 


Adrenals 


11.49 ± 2.04 


Undetectable 


Brain 


1.97 ± 0.78 


Undetectable 


Heart 


3.59 ± 1.63 


4.41 * 1.65 


Kidney 


9.87 -0.11 


Undetectable 


Liver 


6.09 ± 0.36 


4.00 * 0.34 


Lung 


2.10 ± 0.97 


4 72 ± 2.67 


Muscle (sartorius) 


Undetectable 


Undetectable 


Ovary 


8.96 ± 3.05 


Undetectable 


Spleen 


6.69 ± 3.02 


Undetectable 


Testis 


32.21 ± 3.60 


158.70 ± 18.56 


Thymus 


Undetectable 


Undetectable 


Thyroid 


7.27 £ 1.36 


Undetectable 


Uterus 


Undetectable 


Undetectable 



MgCU , pH 9.8). After 30 min in the dark, at room temperature, the reaction 
is stopped with 100/xlof 3 M NaOH. The absorbance at 405 nm is recorded 
using a microplate reader (Bio-Rad, Richmond, CA, model 430 microplate 
reader) ( after calibrating the instrument against a blank. 

Data Processing 

Mean absorbance and standard deviation (S.D.) are measured for each 
sample and the corresponding blank. The difference between the absor- 
bance of the sample and the blank is the actual absorbance of the sample 
under investigation. 

The plot of the logarithm of nanograms of PHGPx versus absorbance 
appears as a sigmoid shaped curve. To obtain a linear plot, data are 
processed as follows. Absorbances measured after incubation with differ- 
ent amounts of PHGPx (A) are subtracted from the absorbance obtained 
in the absence of any added PHGPx (A m ). Each value is then divided by 
A and eventually the logarithm of this ratio is plotted versus the logarithm 
of the nanograms of PHGPx (Fig. 1). 

Data obtained using unknown samples are processed as above, and 
the amount of PHGPx is calculated by using the standard curve. For each 
sample eight dilutions are used. Data obtained with this procedure are 
reproducible and reliable, and they have been qualitatively confirmed by 
Western blotting analysis. 
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TABLE II 

Phospholipid-Hydroperoxide Glutathione Peroxidase 
Contfnt in Soluble and Membrane Fractions of Rat Tissues 





Soluble fraction 


Tissue 


(ngymg protein) 


Adrenals 


4.78 i 1 19 


Brain 


2 98 ± 1.56 


Heart 


1.26 *- 0.69 


Kidney 


1.60 ± t.04 


Liver 


3.46 i 1.67 


Lung 


1.47 * 0.30 


Muscle (sartoriusi 


1.01 * 0.50 


Ovary 


1 S3 £ 0.28 


Spleen 


1.16 = 0.38 


Testis 


2.99 r 0.38 


Thymus 


t 02 ± 0.49 


Thyroid 


6 77 ± 3.24 


Ulerus 


2.68 ± 1.1) 



Membrane fraction 
(ng/mg protein) 



8 83 ± 4.01 
6.91 i 3.10 
0 96 i 0.26 
4 28 ± 2.31 

15 88 - 5.67 
2.65 ± 0.83 

30.50 ± 8-30 
5.40 i 1.83 
3.76 - 0.42 

53 60 i 9 10 

21.04 - 9 94 
5.37 i 2.64 
6.87 - 0 99 



Western Blotting 

Samples (whole homogenate or subcellular fractions) are dried in a 
Speed-Vac and then solubilized in sample buffer 19 to a finaJ protein concern 
tration of 4 mg'ml. Electrophoresis is carried out according to Laemmli 
in a T = 12%, C - 2.67% separating gel. Usually 100 fxg of each sample 
is loaded on each well. Punned PHGPx (100 ng) is used as the standard 
and positive control for Western blotting. 

After electrophoresis, the gei is equilibrated in transfer buffer (25 mM 
ethanolamine. 104 mM glycine, and 20% <v/v) methanol, pH 9.5 and 
then blotted onto a nitrocellulose membrane (Bio-Rad nitrocellulose mem- 
brane, 0.2 /xm). Protein blotting is performed at the anode overnight, at 
20°, at 200 mA constant current, in a tank-type transfer system (Hoefer 
Transphor Transfer Electrophoresis Unit). Blotting is checked by staining 
with 0.3^ (w/v) Ponceau Red S, in 2% (w/v) trichloroacetic acid. 

Residual sites for protein binding on nitrocellulose are saturated with 
3% BSA, 0.1% Tween 20 in 0 9% NaCI for at least 2 hr. The membrane 
is then incubated with rabbit immune serum diluted (1 : 1000) in PBS. \% 
BSA for I hr. After washing three times with PBS. 19£ BSA, and 0.1% 
Tween 20, the membrane is allowed to react with the biotinylated anti- 
rabbit Ig, and, after washing again, with the streptavidin-alkaline phospha- 
tase complex. Eventually, after the last washing, the alkaline phosphatase 

- B Szewczyk and L M. KozlofT. And. Biochem. 150, 403 (1985). 
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reaction is started in 100 ml of 0. 1 M Tris-HCl, pH9.5, 0.1 M NaCl, 5 mAi 
MgCI 2 , 15 mg X-phosphate (in 1 ml of dimethylformamide), and 30 mg 
NBT (in 1 ml of 70% fv/v) dimethylformamide). The reaction is stopped 
in dilute HCI. The negative control is carried out by substituting immune 
serum adsorbed with purified PHGPx for immune serum. 

Conclusions 

By using the described procedure, PHGPx activity can be measured 
in several tissues. The critical points are the substrate preparation, the 
stoichiometry between the amount of peroxidic substrate used and 
NADPH oxidized, and the use of a blank in the presence of iodoacetate 
for absorbance measurements. The distribution of the activity in mem- 
branes and in the soluble fraction of rat tissues, obtained by the described 
procedure, is reported in Table I. 

The ELISA test is accurate and very sensitive. Furthermore, the possi- 
bility of measuring the enzyme as protein instead of as activity could 
allow the identification of a modulation of the catalytic capacity by possible 
posttranslational modifications of the enzyme. This seems to be more than 
an appealing possibility since the amount of the protein PHGPx in soluble 
and membrane fractions of rat tissues (Table II) does not fit the activity- 
distribution. In almost all tissues a substantial amount of PHGPx is present 
in membranes in a scarcely active form. Although the mechanism(s) for 
activation-inactivation is unknown, the evidence of very active enzyme 
in membranes of spermatogenic cells undergoing differentiation highlights 
a possible relationship between peroxide level in these membranes and 
differentiation or proliferation , extending the area of PHGPx involvement 
beyond antioxidant protection. 



[211 Targeting Superoxide Dismutase by Gene 
and Protein Engineering 

By Masayasu Inoue 

Introduction 

Protection of tissues from oxygen toxicity is one of the major 
prerequisites to aerobic life. 1 Reactive oxygen species rapidly react 

1 H Sies fed ), "Oxidative Stress." Academic Press, New York, 1985. 
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This conclusion is especially true in view of the fact that the physiological 
^o, in liver ranges from 1 to 60 mmHg. 12 Further instances of the impor- 
tance of the actual Pq, > n the formation of reactive 0 2 species are 
Adriamycin-induced lipid peroxidation, where recently an O; dependence 
of lipid peroxidation similar to that described for haloalkane-dependent 
lipid peroxidation has been reported, 13 and the formation of superoxide 
anion radical (0 2 T ) and hydrogen peroxide (H 2 0 2 ) by redox cycling of 
menadione, where at physiological the electron transfer from the 
reduced forms of this quinoid compound to the mitochondria] respiratory 
chain appears to dominate over the reduction of molecular oxygen. 14 
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[47] Phospholipid Hydroperoxide Glutathione Peroxidase 
By Matilde Maiorino, Carlo Gregolin, and Fulvio Ursini 

Introduction 

Phospholipid hydroperoxide glutathione peroxidase (PHGPX) is the 
second selenoenzyme discovered in mammals. 1 The enzyme was first 
identified and purified by following its antiperoxidant activity, and for this 
reason it was originally named peroxidation-inhibiting protein (PIP). 2 This 
enzyme was purified to homogeneity from pig liver, : heart, 3 and brain 4 
and rat liver, 2 and it has been identified in all tissues in which it was 

1 F. Ursini, M. Maiorino, and C. Gregolin, Biochim. Biophys Acta 839, 62 (1985) 
1 F Ursini, M Maiorino. M. Valente, and C. Gregolin, Biochim. Biophvs. Acta 710, 197 
(1982) 

3 M. Maionno, F. Ursini, M Leoneili. N. Finato. and C. Gregolin. Biochem !nt 5 57 5 
(1982). 
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searched for namely, rat kidney, heart, lung, muscle, and brain, 56 dog 
liver brain and kidney, bull spermatozoa, and fish liver (unpublished). A 
high activity has been recently observed in rat testis (unpublished). The 
chromatographic behavior of the protein and purification procedures were 
identical for all tissues from which it was purified. 

Because PHGPX is a soluble enzyme, which has been purified from 
cell sap it can be classified as a cytosolic enzyme. However, a substantial 
activity, which can be partially recovered by high ionic strength extrac- 
tion, 5 is present in membranes of subcellular organelles. Based on present 
knowledge, therefore, this enzyme must be regarded as a cytosolic en- 
zyme that is active on membranes to which it is bound to some extent. 
Immunohistochemical localization of the enzyme will clarify this issue. 

(PHGPX) is a monomelic enzyme (MW -20,000 on SDS-PAGE) that 
contains one selenium atom at the active site. The selenoprotein nature of 
PHGPX was assessed by proton-induced X-ray fluorescence of the 
purified protein. The presence of a selenocystetnwas first suggested by 
inhibition kinetics in the presence of iodoacetate and thiols, and it was 
subsequently demonstrated by amino acid analysis following carboxy- 
methylation and acidic digestion (L. Flohe, personal communication). 

PHGPX reduces the hydroperoxy derivatives of phospholipids to al- 
cohol derivatives, and this activity is absent both in Se-dependent tetra- 
menc glutathione peroxidase and in glutathione transferase B (the so- 
called Se-independent glutathione peroxidase). PHGPX is therefore 
unique in that it reduces the hydroperoxides of the major components of 
membranes. The reduction of phospholipid hydroperoxides was demon- 
strated by HPLC and mass spectroscopic analysis of intact phospholipid 
substrate and product 7 and by HPLC analysis of the fatty acid derivatives 
released by enzymatic hydrolysis. 8 

The specificity for the peroxide substrate is broad, and the enzyme is 
active on all phospholipid hydroperoxides, as well as fatty acid hydroper- 
oxides, cumene hydroperoxide, r<?r7-butyl hydroperoxide, and hydrogen 
peroxide. The wide specificity for hydroperoxides is also suggested by 



* F Ursini, M. Maionno, L Bonaldo, and C. Crcgolin, in "Oxygen Radicals in Chemistry 
and Biology" (W. Bors, M Saran and D. Tait, eds.>. p. 713 de Gruyler, Berlin and New 
York. 1984. 

■ F Ursini, M. Ma:orinc, and C Gregolin, in "Oxy Radicals and Their Scavenger System" 
(R A Greenwald and G. Cohen, eds ), Vol 2, p. 224. Elsevier. New York, 1983. 

* L. Zhang, M. Maionno, A Roven, and F. Ursini, Biochim. Biophys. Acta 1006, 140 

(1989). 

S. Daolio. P. Traldi, F. Ursini. M. Maiorino, and C. Gregolin, Biomed. Mass Spectrom. 
10, 499 (1983). 

8 F Ursini, L Bonaido. M Maionno. and Gregolin, J Chromatogr. 270, 301 (19S3) 
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evidence that all titratable hydroperoxide groups generated in microsomal 
membranes during lipid peroxidation are reduced by this enzyme. 9 Fur- 
thermore, it has recently been observed directly that PHGPX also re- 
duces cholesterol hydroperoxides. 10 The physiological reducing substrate 
is glutathione, although inhibition experiments in the presence of iodoace- 
tate suggest that the oxidized active site can also be reduced by mcrcap- 
toethanol.' 

The kinetic mechanism of PHGPX appears identical to that of glu- 
tathione peroxidase. Kinetic analysis, indeed, was compatible with a 
Ping-Pong mechanism without the formation of ternary complexes. 1 In 
this mechanism, as in the case of glutathione peroxidase, the kinetic 
parameters for one substrate (V max and A:, n ) are not defined, being a func- 
tion of the other substrate. In the suggested reaction scheme, the selcnol 
moiety of PHGPX is first oxidized by hydroperoxides and then reduced 
back in two steps by two glutathione molecules. This mechanism exactly 
fiis the Dalziel equation and the integrated rule equation describing the 
Tert-Uni Ping-Pong mechanism that have been applied to glutathione 
peroxidase" 12 From the plots obtained by computer processing of the 
progression curves of the activity, it is possible to calculate the pseudo- 
first-order rate constant for the first reaction of the catalytic cycle, i.e., 
the reduction of the hydroperoxide and the oxidation of the selenol This 
parameter was measured on different substrates, and the results were 
compared with those obtained using tctrameric glutathione peroxidase. 11 
The results showed that glutathione peroxidase is much more active than 
PHGPX on hydrogen peroxide, that both enzymes react almost equally 
well on linoleic acid hydroperoxide, and that only PHGPX is active on 
phospholipid hydroperoxides (Table I). These kinetic data indicate that an 
identical kinetic mechanism has been adopted by nature to control the 
hydroperoxide concentration in different environments one enzyme is 
active on small hydrophilic substrates and the other on lipophilic sub- 
strates in membranes. 

The identical kinetic mechanisms of the peroxidase reactions, the sele- 
nium content, and the similarity of molecular weight between PHGPX 

* M. Maionno. A. Rovcri, F. Ursini, and C. Gregolin. J, Free Rudtcals Biol Med 1. 201 
' 1985). 

10 J. P Thomas. M. Maionno, F Ursini, and A. W Girotti, J. Bio! Chern 454, in press 
(1990). 

" L. Fk>h<i, G. Locschen. W. A. Gunztcr, and E. Eichele, finppr-Svyler * Z Physiol. 

Chem. 3S3, 987 (1972). 
3 J. Chaudierc and A. L. Tappet, Arch. Biochem. Biophyi. 226, 448 < I VS3>. 
n F. Ursini and A. Bindoti, Chem. Phys. Lipids 44, 255 (1987) 
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TABLE 1 

APK A KT Nl Sf-CONP-OkDF.R RaIF CONSTANTS KOK RFACTION 

Bf.iwf.cn I'HGPX or GPX <m> Hydkoh.roxk Substrates' 



K [mSf- 1 min l ) 



Substrate 



PHGPX 



GPX 



Hydi'ogen peroxide 
Cumene hydroperoxide 
teri-Buly'\ hydroperoxide 
Linoleic acid hydroperoxide 
Phosphatidylcholine 



1.9 x I0 1 

1.3 * t0 ; 

7 1 v 10* 

1.8 * JO" 

7 0 x 10 s 



2.9 x 10* 

1.0 x 10* 

7.1 x \<y 

2.3 x 10* 



hydroperoxide 



3 From Refv 1 and ]2 



and the monomer of glutathione peroxidase might seem to suggest a struc- 
tural relationship between these enzymes. However, the identification of 
PHGPX with the monomer of GPX seems to be excluded for the following 
reasons: (1) the amino acid composition is different (even though the 
amino acid composition of pig heart glutathione peroxidase is not avail- 
able, and the comparison was made between bovine red blood cell glu- 
tathione peroxidase and pig heart PHGPX); (2) the monomer of glu- 
tathione peroxidase is catalytjcally inactive, independent of the substrate; 
and (3) there is a completely different susceptibility to inhibitors. 14 

PHGPX was identified and subsequently punned as a cytosolic protein 
that inhibits microsomal lipid peroxidation in the presence of glutathione. 
The first apparent role of this enzyme in cell biology, therefore, seems to 
be related to the protection of biomcmbranes against oxidative damage. 2 
During microsomal lipid peroxidation, lipid hydroperoxides are pro- 
duced. The decomposition of lipid hydroperoxides generates the ex- 
tremely reactive alkoxyl radical which, in turn, generates new hydroper- 
oxides. The enzymatic reduction of the hydroperoxides prevents this 
free-radical multiplication. However, the catalytic activity of PHGPX 
cannot account per sc for the almost complete protection observed in 
microsomes undergoing peroxidation. The inhibition of lipid peroxida- 
tion, induced by iron and reducing equivalents (ascorbatc or NADPH). by 
PHGPX and glutathione requires a physiological amount of vitamin E in 
membranes, suggesting a tendem mechanism for the antioxidant activities 

* M Maionno. A Roveri, C Gregoiin, and F t.'rsini, Arch Biothem. Biophys. 251, 600 
(1986). 
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of PHGPX and vitamin E. 15 Reacting vitamin E with lipid hydroperoxyl 
radicals prevents propagation of peroxidation but generates lipid hydro- 
peroxides. If not promptly reduced by PHGPX, the lipid hydroper- 
oxides undergo decomposition, leading to alkoxy radicals' 6 that are ex- 
tremely reactive against vitamin E and lipids as well. 17 In the absence of 
PHGPX, vitamin E is just cooxidized with lipids, whereas PHGPX with 
out vitamin E can only slow down the free-radtcal multiplication rate, and 
its capacity is rapidly saturated. 

Although protection against lipid peroxidation is the most prominent 
function of the enzyme, it is plausible that PHGPX would also affect the 
physiological control of hydroperoxides enzymaticaJiy generated, and 
that these hydroperoxides would affect cellular functions or activation. In 
this case a new, exciting chapter on the physiology of PHGPX could 
begin. 

Substrate Preparation and Activity Measurement 

Taking advantage of its peroxJdation-inhibiting activity, PHGPX was 
discovered and purified in a simple lipid peroxidation test. The peroxidase 
activity, which was first identified on a partially purified preparation of the 
enzyme, was in fact measurable in crude fractions with some difficulties. 
Thereafter, the introduction, as peroxide substrate, of mixed micelles of 
phospholipid hydroperoxides and Triton X-100 greatly simplified activity 
measurements. PHGPX activity, although measurable on liposomes or 
membranes containing hydroperoxides, is higher and more linear when 
the substrate is in micellar form. The test we describe can be used 
throughout all purification steps as well as in tissue homogenates 

Phospholipid hydroperoxides can be prepared either by spontaneous 
autoxidation or by enzymatic hydroperoxidation of soybean phosphati- 
dylcholine liposomes or dispersions. The enzymatic procedure, which is 
more practical and reproducible, is described. Polyunsaturated fatty acids 
of phosphatidylcholine are oxygenated by soybean lipoxidase 18 in the 
presence of bile salts. At the end of the reaction lipids must be extracted 
and separated from bile salts, which are strong inhibitors of PHGPX 
activity. 14 

,( M. Matorino, M. Coassin, A. Rovcn, and F. Ursini. Lipids 24, 721 r 1989) 

16 S. D. AuslandB. A. Svingen, w "Free Radicals in Biology" (W. A Prvor. ed.). Vol. 5, p. 

i. Academic Press, New York, 1982. 
7 M. Erben-Russ, C. Michel, W. Bora, and M. Sanui, J. Phys. Chem 91, 2362 (1987). 
'"J. Eskola and S. La&sho, Biochim. Biophys. Acta 75!, 305 (1983) 
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Enzymatic Hydroperoxidation of Soybean Phosphatidylcholine and 
Extraction of Products 

The reaction is carried our in an oxy graph vial, and the oxygen con- 
sumption is recorded. The reaction mixture contains, in 2.5 ml, 0.2 M 
sodium borate (pH 9), 3 mAf sodium deoxycholate, and 0.3 mAf soybean 
phosphatidylcholine. The phospholipids are obtained from Sigma (St. 
Louis, MO; Type HI'S) in chloroform solution The required amount is 
dried under an argon stream and first dispersed with 10 mM deoxycholate. 
This dispersion is then diluted with the buffer. The reaction starts by the 
addition of 0.1 mg of soybean lipoxyganase (EC 1.13.11.12) from Sigma 
(Type IV). After approximately 10 min, when 50% of the oxygen has been 
consumed, the mixture is applied to a Sep-Pak C I6 cartridge (Water Asso- 
ciates, Milford, MA) equilibrated with water. Deoxycholate is washed off 
with 10 bed volumes of water, and phospholipids are eluted with 2 ml of 
methanol. This procedure can be scaled up or repeated several times. 
Methanolic extracts are pooled, and this solution, which contains phos- 
pholipid hydroperoxides and native phospholipids, is concentrated to a 
small volume. It is stable for approximately 1 month at -20°. 

Using this procedure the recovery of hydroperoxides accounts for 
approximately 60% of the oxygen consumed. The amount of hydroperox- 
ide groups can be evaluated froin the test described below if partially 
purified PHGPX is available, or by titration. This preparation of phospho- 
lipid hydroperoxides is suitable for the test of PHGPX activity. If neces- 
sary, peroxidized phospholipid can be purified by HPLC. A detailed de- 
scription of the HPLC procedures is not within the scope of this chapter; 
however, wc suggest the procedures described by Crawford et al. 19 or 
Ursini et al. % 

Test of Activity 

PHGPX activity is measured spectrophotometrically ; glutathione oxi- 
dation is recorded at 340 nm in the presence of an excess of glutathione 
reductase and a saturating amount of NADPH. The peroxide substrates 
are phospholipid hydroperoxides prepared as described above and dis- 
persed in mixed micellar form in the presence of Triton X-100. Since 
Triton X-100 might contain some hydroperoxides, it is important to use 
high-quality, peroxide-free Triton X-100 (Boehringer-Mannheim, West 
Germany). Moreover, it is convenient to run a blank (without adding lipid 
hydroperoxides) to search for these Triton X-100 hydroperoxides. 

" C G Crawford. R. D Planner, D. J Scssa. and J. J Rackis, Lipids 15» 91 (1979). 



BNSOOC'D <XP 321458A_L> 



454 



ASSAY AND REPAIR OF DIOLOGICAL DAMAGE 



[47} 



Reagents 

Buffer and reagent solution: 0.5 M Tris-HCI (pH 7.4), 25 mM EDTA, 

0.5 mM NADPH, 5 mM NaN-*, 15 mM reduced glutathione 
Glutathione reductase, 5 mg/ml, specific activity 120 L7mg 

(Boehringer-Mannheim) 
Triton X-100 (peroxide free), 20% (v/v) in water 
Phospholipid containing hydroperoxide groups in methanol —15 mM 

containing 0.24 /xmol of hydroperoxide groups per micromole of 

phospholipid) 

Assay. To a spectrophotometer cuvette equipped with a magnetic stir- 
rer and a temperature control set at 30°-37° are added 0.5 ml of buffer and 
reagent mixture, 15 ^1 of Triton X-100 solution, 5 fj.\ of glutathione reduc- 
tase, and the sample containing PHGPX activity. The final volume is 2.5 
ml. After 5 min for temperature equilibration, complete reduction of glu- 
tathione, and PHGPX activation, a baseline is recorded. The reaction is 
then started by the addition of phospholipid hydroperoxides in methanol. 
The amount added is usually between 20 and 50 nmol of peroxide groups. 
The glutathione concentration can range from 0.5 to 5 mM. The suggested 
concentration of 3 mM gives a good compromise between activity and 
unspecific oxidation. 

The rate becomes linear in less than 10 sec, suggesting that the time 
required for the formation of mixed micelles is not a limiting factor under 
these conditions (identical results are obtained using preformed mixed 
micelles). The NADPH oxidation is usually followed until all the peroxide 
substrate is consumed and the baseline slope reaches the original value, 
before the addition of hydroperoxides. To test that the system is function- 
ing correctly, it is useful to check it by adding a second aliquot of hydro- 
peroxides. 

This assay allows for the evaluation of a blank due to nonspecific 
NADPH and glutathione oxidation (the rate before the addition of hydro- 
peroxides and after their consumption). Under our experimental condi- 
tions, glutathione and NADPH oxidation in the presence of hydroperox- 
ides, i.e., the blank without enzyme, is negligible. 

If necessary, the reaction can be started by adding PHGPX, but in this 
case two artifacts are possible. If the enzyme is stored in a solution that 
does not contain thiols, a progressive increase of the rate of the enzyme 
reaction is observed, possibly owing to activation of the enzyme (as in the 
case of glutathione peroxidase). If the solution of PHGPX contains thiols, 
activation is not required, but some disulfides, which are always present, 
might lead to an overestimation of the activity. If it is necessar y to start 
the reaction by adding the enzyme, the enzyme should be preincubatcd 
with glutathione, glutathione reductase, and NADPH. to avoid these arti- 
facts. 
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The spectrophotometry test can be utilized for routine purification of 
the enzvme and for evaluation of activity in tissues In these cases, to get 
reproducible results, it is extremely important to check the phospholipid 
hvdroperoxide substrate for hydrolysis. Fatty acid hydroperoxides are 
indeed substrates for other peroxidases that, if present, lead to an overes- 
timate of the PHGPX activity. It is therefore useful to rule out the 
hydrolysis of phospholipid hydroperoxides using glutathione peroxidase. 
Since fattv acid hydroperoxides, but not phospholipid hydroperoxides, 
are reduced by glutathione peroxidase, if any activity is detected, the 
substrate is not suitable for PHGPX activity measurement. 



PHGPX Activity in Tissues 

To search for PHGPX activity in tissues, if activity is low and precise 
measurements are not possible using homogenates, we use two prepara- 
tions, neither of them giving the true "total activity" present in the tissue. 
Nevertheless, measurements obtained by these approaches are more re- 
producible and useful for comparisons between different samples. 

In the first preparation, the tissue is broken in a Polytron homogenizer 
for 5 min in 3 volumes of 0.1 M Tris-HCI (pH 7.4), 0.3 M KCI and 
centrifuged for 15 min at 15,000 t> and 45 min at 100,000 g. The ionic 
strength of the supernatant is then decreased either by dialysis against 50 
mM Tris-HC! (pH 7.4) or by chromatography on Sephadex G-25, since we 
observed that the activity is partially inhibited by the presence of high 
ionic strength in the test. This preparation contains the cytosolic PHGPX 
and the enzyme released from all cellular membranes. 

In the second preparation, the tissue is homogenized in 3 volumes of 
0.25 M sucrose, 20 m A* Tris-HCI <pH 7.4). Following centrifugation for 15 
min at 10,000 g, Tnton X- 100 (final concentration of 0.2% v/v) is added to 
the supernatant to solubihze microsomes. This fraction contains PHGPX 
from the cytosol and microsomal fraction. 

The activity recovered by the latter procedure is approximately 30% 
higher than that recovered by the first. However, there are more interfer- 
ing activities, and the optical density of the sample is higher. By the latter 
procedure the specific activity or rat liver is 6.2 nmol/min/mg protein at 
37°. The amount of protein that can be used in this test is approximately 
I mg. 



Purification 



Purification of PHGPX from pig heart is described ; however, the same 
procedure can also be applied to other organs, e.g., liver or brain. More- 
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TABLE II 

Purification of PHGPX from Pig Hlart 



Step 


Specific Activity" 


Units" 


Recovery (% 


Homogenization, centrifugation. 


0.002 


190 


100 


and dialysis 








DEAE-Sepharose 


0.455 


130 


69 


BSP Affinity Chromatography 


5.15 


90 


47 


Sephadcx G-50 


101.23 


36 


19 


HPLC (TSK CM) 


310.15 


19 


10 



" Specific activity is measured as /zmol/min/mg protein at 37° 

* One unit of activity catalyzes the reduction of 1 ^mol/min at 37" 



over, the procedure can be easily scaled down if only small samples are 
available. The purification scheme is reported in Table II. 

Approximately 500 g of ventricular muscle is prepared from pig heart 
(from the local slaughterhouse). The tissue is minced and thoroughly 
homogenized in a Polytron mixer, set at maximum power, for 5 min in 
approximately 3 volumes of ice-cold 0.1 M Tris-HCl (pH 7.4), 5 mAf 2- 
mercaptoethanol. The soluble fraction is prepared by two centrifugations 
of the homogenate: 30 min at 10,000 g and 45 min at 100,000 g. Before the 
second centrifugation filter through cheesecloth to eliminate fluffy mate- 
rial. The supernatant is dialyzed exhaustively against 10 mAf potassium 
phosphate buffer (pH 7), 5 mAf mercaptoethanol. During dialysis some 
proteins precipitate and are eliminated by centrifugation. 

The supernatant is applied to a DEAE-Sepharose 6B column (13 x 5.5 
cm) equilibrated with 10 mAf potassium phosphate buffer (pH 7), 5 mAf 
mercaptoethanol. The column is washed with 2 liters of the equilibration 
buffer and then eluted with 0.5 liters of 0.2 M potassium phosphate buffer 
(pH 7), 5 mAf mercaptoethanol. The active fractions are collected and 
pooled, and 10% (v/v) (final concentration) glycerol is added. This frac- 
tion is loaded on a Sepharose-bromosulfophthalein-glutathionc (BSP) af- 
finity column, prepared by linking the bromosulfophthalcin-glutathiotie 
adduct 20 to CNBr-activated Sepharose. 21 The column is equilibrated with 
25 mM Tris-HCI (pH 7.2), 5 mM mercaptoethanol, 10% (v/v) glycerol. 
After the sample is loaded, the column is washed with 300 ml of 25 mAf 
Tns-HCI (pH 7.2), 100 mAf KSCN, 5 mAf mercaptoethanol. 10% (v/v) 
glycerol. The elution is carried out with 25 mAf Tris-HCI (pH 7.6). 300 
mAf KSCN, 5 mAf mercaptoethanol, 10% (v/v) glycerol. Active fractions 

20 G. Whelan, J. Hoch, and B. Combes, J. Lab. Clin. Med 75, 542 (1970). 

21 S C March, I. Pankh, and P. Cuatrecasas, Anal. Biochem 60, 149, (J974). 
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are pooled and concentrated to 5-10 ml using an Amicon ultrafiltration 
apparatus with an YMIO membrane. This fraction is applied on a Sepha- 
dex C-50 column (140 > 5.5 cm) equilibrated with 25 mAf Tris-HCl (pH 
7.4), 300 mM KSCN, 5 mM mercaptoethanol. 10% (v/v) glycerol. The 
active portion is eluted 160 ml after the void volume of the column. The 
active fractions are pooled and concentrated with the same ultrafiltration 
apparatus as before. This fraction is dialyzed against 10 mM potassium 
phosphate (pH 6.5), 0.1 M KCI, 5 mM mercaptoethanol. Some proteins 
precipitate during dialysis and are eliminated by centnfugalion. 

At this purification stage, PHGPX accounts for 40-709& of the pro- 
teins. A preparation at this level of purification is useful for routine pur- 
poses such as measuring phospholipid hydroperoxides. If PHGPX is 
stored at this purification step, 10% (v/v) glycerol should be added to the 
last dialysis buffer. This preparation is very stable (several months at 
-20°). 

The final purification step is carried out by HPLC using either gel- 
permeation or KHi-exchange columns, e g., TSK SW 2000 (gel perme- 
ation), TSK DEAE (weak anion exchanger), Mono Q (strong anion ex- 
changer), and TSK CM (weak cation exchanger). We describe here the 
chromatographic conditions for a TSK CM column. Buffer A: 10 mM 
potassium phosphate, 100 mM KCI 5 mM mercaptoethanol (pH 6.5); 
buffer B: 10 mM potassium phosphate, 300 mM KCI, 5 mM mercapto- 
ethanol (pH 6.5). Flow rate: I ml/min. The gradient from 0 to 100% buffer 
B is developed in 25 min after 3 min in isocratic conditions. Detection is at 
280 nm; injection volume is less than 0.2 ml. PHGPX is eluted as a single 
peak when KCI is approximately 200 mM. Peaks isolated from several 
runs are pooled, and \0% (v/v) glycerol is added. The preparation is then 
concentrated by ultrafiltration to a final protein concentration no higher 
than 0.3 mg/ml to avoid aggregation, 
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By Steven D. A list, Dlnnis M. Miller, and 
Viotok M Samokyszyn 



Introduction 

Iron-catalyzed lipid peroxidation has been studied in many in vitro 
model systems. While the mechanism of iron-catalyzed lipid peroxidation 
is not completely understood, it is well established that the redox chemis- 

Copynjht O 1990 by AcAdemtc Pr«si. Inc. 
METHODS IN ENZYMOLOGY, VOL 186 All r^hn of reproduciton in «ny fofm reserved 
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Testosterone mediates expression of the selenoprotein 
PHGPx by induction of spermatogenesis and not by 
direct transcriptional gene activation 

MATILDE MAIORINO,* 1 JOSEF B. W1SSING/ RE GIN A BRIGELIUS-FLOHE, 1 
FIORFT T A CAJLABRESE,^ ANTONELXA ROVERI,* PETER STEIN ERT/ 
FULVIO URSINL* AND LEOPOLD FLO HE' 

*Dipartimento di Chimica Biologica, 1-35121 Padova, Italv; Msututo di Anatomia Patologica, 1-35 121 
Padova. Italv; : Deutsches Institut fur Ernahrungsforschung (DIFE), D-14558 Bergholz-Rcdibrucke, 
Germanv; and 'Department of Physiological Chemistry, Technical University of Braunschweig, 
D-38124 Braunschweig, German v 



ABSTRACT Selenium deficiency is known to be as- 
sociated with male infertility, and the selenoprotein 
PHGPx has been shown to increase in rat testis after 
puberty and to depend on gonadotropin stimulation in 
hypophv^ectornized rats [Roveri et al. (1992) J- Biol. 
Chem. 267, 6142-6146], Exposure of decapsulated 
whole testis, however, failed to reveal any transcrip- 
tional activation or inhibition of the PHGPx gene by 
testosterone, human chorionic gonadotropin, or for- 
skolin. Nevertheless, it was verified that the specific ac- 
tivity of PHGPx in testis, but not of cGPx, correlated 
with sexual maturation. Leydig cell destruction in vivo 
by ethane dime thane sulfonate (EDS) resulted in a de- 
layed decrease in PHGPx activity and mRNA that could 
be completely prevented by testosterone substitution. 
cGPx transiently increased upon EDS treatment, prob- 
ably as a result of reactive macrophage augmentation. 
In situ mRNA hybridization studies demonstrated an 
uncharacteristic low level of cGPx transcription in tes- 
tis, whereas PHGPx mRNA was abundantly and pref- 
erentially expressed in round spermatids. The data 
show that the age or gonadotropin-dependent expres- 
sion of PHGPx in testis does not result from direct 
transcriptional gene activation by testosterone, but is 
due to differentiation stage-specific expression in late 
spermatids, which are under the control of Leydig cell- 
derived testosterone. The striking burst of PHGPx ex 
pression at the transition of round to elongated sper- 
matids suggests an involvement of this selenoprotein in 
sperm maturation. — Maiorino, M., Wissing, J. B., Bri- 
gelius-Flohe, R., Calabrese, F., Roveri, A., Stein ert, P., 
Ursini, F., Flohe, L. Testosterone mediates expression 
of the selenoprotein PHGPx by induction of sper- 
matogenesis and not by direct transcriptional gene ac- 
tivation. RASEB J. 12, 1359-1370 (1998) 
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in testicular function is corroborated by the obser- 
vation chat, in mild deficiency, selenium is preferen- 
tially retained in testis (1 ). With progressive selenium 
deficiency, morphological alterations of spermatids 
and spermatozoa become detectable (2). Extreme 
deficiency results in the complete disappearance of 
mature germinal cells (3). 

The underlying mechanisms are far from clear; 
however, at physiological levels, selenium generally 
exerts its biological functions as selenocvsteme resi- 
dues, which have been cotranslationallv incorporated 
into distinct selenoproteins (7). More than 20 differ- 
ent selenoproteins have been inferred to exist in 
mammals from pulse labeling experiments with 3 Se, 
but onlv a minority of them have so far been char- 
acterized as distinct gene products or enzymatic en- 
tities (8). The latter comprise four members of the 
glutathione peroxidase family (9-14). at least two 
deiodinases (15—17), thioredoxiti reductase (18), 
and selenophosphate synthetase (19). Whenever in- 
vestigated, the selenocvsteme moietv of these pro- 
teins proved to be essential for catalytic function (20- 
22) and. correspondingly, the specific enzymatic 
activities in tissues or whole organisms depend on an 
adequate supply of selenium in a bioavailable form. 
Apparently, the biosynthesis of selenoproteins is not 
onlv limited by the availability of selenocysievl-t RNA 
needed for the incorporation of selenocvsteine (7, 
23, 24). but can be regulated further at the posttran- 
scriptional level, since specific mRNA species encod- 
ing selenoproteins were shown to be stabilized bv cel- 
lular selenium (renewed in ref2f)!. 

In the realm of selenoproteins, two glutathione 
peroxidases are potentially relevant to testicular func- 
tion. The 'classical' cvtosolic glutathione peroxidase 



Nt [ ri i ion M. STI'DIE5 indicate that selenium is essen- 
tial for male fertility (1-3, 4-6). Its fundamental role 
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■ . c ( .P\ i w.is reported u>be expressed in testis .u low 
levels -7). but has been implicated in thf nieuil>- 
olisin of H _.(>_■ associated with steroid hormone- svn- 
ihrsis in I evdhi cells ( L'b > Surprisingly high levels of" 
phospholipid hydroperoxide glutathione peroxidase 
a>H("»pM ate tound in testis i 14, 12Si. where the en- 
/vrne is at least pamalb directed toward the mito- 
chondria b\ means of a particular leafier sequence. 
Tins results from the use of an ATG start codon up- 
stream of the ATG codon more comnumh used in 
other tissues (29). In the rat testis, PHGPx is prefer- 
enualh expressed after pubem . where it remains es- 
st iuiall\ absent alter hvpophvsectomy and can be 
partialh restored in hvpophvsectorm/ed rats bv h(.G 
administration (28). Also, immunohistochemical 
studies revealed an association of PHGPx with die 
seminiferous epithelium i2H) These intriguing ob- 
servations suggested a transcriptional regulation of 
PHGPx either bv hCG and mediated bv cAMP or. 
indirectly, bv testosterone .msing from hCOsnmu- 
!ated l.evdig cells, an idea further strengthened by 
the detection of consensus sequences in the PHGPx 
gene reminiscent of steroid- and c AMP-r esponsive el- 
ements ill). However, pilot experiments with re- 
porter gene constructs designed to validate the func- 
tional relevance of the putative regulators elements 
m the known :V flanking region of the porcine 
PHGPx gene are so far inconclusive. Neither testos- 
terone nor forskolin clirecth activated transcription 
of the reporter genes nor did estradiol 17 (3 inhibit 
transcription in hormone-responsive T47D and 
MCF7 cell lines f unpublished data) 

In the present investigation, we rule out am short- 
term transcriptional regulation of PHGPx gene ex- 
pression bv testosterone, estrogen, or cAMP. Instead, 
we demonstrate that the marked increase of PHGPx 
activity with sexual maturation parallels the hor- 
mone-dependent increase of the spermatid laver that 
preferentially expresses PHGPx in the rat testis. In 
c outcast, cGPx is expressed at low levels, winch do not 
exhibit am unusual cell specificirv pattern in the 
testis. 



MATERIAL AND METHODS 

PHGPx transcription in isolated whole testes 

Testes hom earh ("iiS daw old* and middle puberal <h<> davs 
old i U'istai rats were drr.ipsiil.iu-d and incubated at \W( . in 
RPMl l»v(u medium plus gluLammc. pyruvate, essential amino 
at ids. anri "in nM M.ilium selerute in the presence or absence 
of different agontst.s: " 1 nil h((. dYofasi, Serono. Milano. 



\bbi ewations EDS. ethane dmiethane sulfonate. » ( >V\ 
, l.r.vk,il' (.-viomiIh glutathione pei oxidase "EC 1.11.1 .'» 
PH( -IN. pin .sphohpid Indropemxide glutathione peroxidase 
(K ill I I'Jv UK. hematoxylin eosm. PC OOH, phosphan 
d\ 1* hr >]ine li\ di i ipt-n ixide 



UaU T'~ At toisk. >im TC'N Bio. ht mn ak. Ain« Ta. t>lu - " . ' >f 
1 |iM te vtostt tone Abet 4 h ot nu ubatiou :ntal mRN \ wa> 
extracted from testes b\ a total RNA isolation kit RNA hist 
II. Molecular Systems San Diego. ( ahf ' Afte: den.inu ation 
with ghoxal and dnnethvl suboxide at O' ( Ji i Lig KNA was 
separated cm a l. i r i agarose e.ei and nIl >ttcci onto a ti\l<m 
membrane i Hdiund-N. Arnersham Buckinghamshire I'.K.i 
i ;Ui , . Probes < ni 4r>-7:V3 ot" pig heart PH( -Px c UNA i or human 
Oacun cDNA iCIomech. Palo Alu. ( ahl > ueir labeled with 
a- 1 'P dATP b\ a random pnmei scstem iMegapnine ON A la- 
beling system. Amershani. Braunschweig. Cermam] Hybrid- 
izations were performed under standard conditions i'M\\. 
Result* were expressed as ratio ot rpm obtained foi PHGPx 
and atun bands aUer an ovcnnghi exposure on luxtauumager 
i Packard. Metulen C nun ) 

Animal treatment 

Male Wistar rars were maiiuained on a standard diet contain- 
ing 0..1S rng kg selenium and alhmed food and watei ad li- 
bitum Nmer\-da\-old raLs received ethane dmiethane sulfo- 
nate (EOS. prepared according to tel 31 and dissolved in 
DMSO HO. l:.'1t in a single int t -ape ri toneal injection i 75 
mg kg body weight) and were killed ai the iinus mdnased. 
Supplemenunion of EDS-tr<'ated iats uith testosterone wa.s 
performed with a long-acting pi e|>at auon oi u-siosierone ev 
;ers (Su.stanon, Organon Labor atones. Oss. The Netherlands I 
mjected subcuuuietuislv even. :> davs at a dosage oi LTi mg 
animal. Animal treatments uere appto\ ed b\ the '( oniuato di 
Bioeuta' tit the Medical Facult\ ot Pado\a and met tin highest 
standard for animal care bv humans 

Ex irivo enzyme determinations 

Testjs homogeuaie was prepared as (o]!own After decapsula- 
tion, testes were weighed and diluted \ 4 \i vol with r ><> mM 
Tris-Ht;!. pH 7 A d.S M KC1. 1 mM EDTA, \n f " f glycerol. 1^ 
Vnton X-1U0, 5 mM [i-mertaptoeth.uiol, aiul homogenized 
.After tree/c-(haiMng, the hornogenate uas c entnfugc-d at L'fHMi 
•< fjfor 10 mm cm a ubletop centrituge to eliminate unbroken 
material. The supernatant was ass.ued lot protein content 
t:V2i and used tor enmne detenmnaiions Kor separation of 
c (.Px and PH(.Px. n ml of the supernatant c on taming 2n mg 
nil protein was applied onto a gel permeation chtomatogra- 
ph\ column (Superdex 7r* prep. gi<icie. Pharmacia. I'ppsala. 
Sweden). Fractions (jf I'.'i ml were collected and assa\eri for 
glutathione peroxida.se and pheiu! esterase ac tivm Comnier- 
l iallv a\-ailable red blood cell c(»P\ - .Signi.ii. and purified pig 
heart PHGPx (33> were used as molecular weight markers m 
two independent runs. 

Cluuthione peroxidase acti\nt\ was measured spec iropho- 
tometntallv at 340 nm as described i .V3) (ilutathione cone en- 
trauon was '.\ mM. hnal Triton \-100 font enn atHMi was ad- 
I Listed to lU't, and the reaction was started with IK nM 
PCOOH or lf>n iiM H..O-... Tcj calculau- aeuMtv, an f of h.'J'i 
mM ' 1 cm ' was used The nonspecific NADPII oxidation was 
subtracted otilv uith the substrate Ih(>. PCOOH was pre- 
pared and titrated as described * 

Nonspecific phenyl esterase activity was- mcasuied spectro- 
f>fiotornetru ally at 420 nm. following the rate of hvdrohsis of 
1 mM p-mit-ophonvl acetate in 0.1 M Tns-HCI buffer. pH 7 3 
VI. \s the indicator enzvme foi Lc-\dig cells. onh phrnvl 
,-.'( i.hc .iiii\in eluting in the exclusion volume from Super- 
dex T"> u.is measured Ahquot-s ( r >- lu ul ' of the single frac (ions 
t;.:ii. (oiunu) c hi omatographv ueie anak/ed. \ctiyii\ late 
measuiemeni.s nevei exceeded ft "2~> i ll > nun V or c ah ul.Uion 
of activm. an r of mM 'cm 1 u.is used The nonspet ihr 
Indro'ivsis ol p-nurophenvl acetate ofwm d m thf absent e of 
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eti/\mc subtr.u ted ( >ne unit is the .iiikhiik of en/\mc 

catalwing tlx.- rrarisb n math m of 1 famol mm .it room tcm- 
pei aim e. 

In situ hvbridi^ation studies for expression of cGPx and 
PHGPx 

Testes ui-ic h\ed with pararormaklehv de and serial dices 4 
pan in dm kness were prepared. For RNA in situ h\ [indication, 
a mouse I'HC.PvhDNA (ISO bp) and a mouse cGPx<DNA 
(li ( *'t hp, probe Juiud mm pcDNA3 were used. Amisensc' 
and Sense' RNA probes <>t PHGPx were generated with 
and Ham\\\ linean/cd vectors using the XT and SPb promot- 
ers, i r\pe( tiveb . and labeled with ( "S-GTP to a specific at tmtv 
of 7=I0"dpm pg probe. The PHGPx probe rot responded to 
position r '4"i-7^S (Ace. Nil DH789b>. In the ease of c GPx. the 
vector was lincari/cd with \ha\ and BamHl. Die probe com- 
piled position 'JS1)-."4:1 and position 760- L f r >, excluding the 
nitron sequence net :Gi Acc. No. The sliees were 

pielnhndi/ed at a 4~G in a solution containing r >d'T formam- 
ide. 1 ()'"( dextran sulfate. 0.3 M NaCl. 10 mM Xns. Id mM 
sodium phosphate pH n.S. mM ciitlnothrei tul . tl.'Jx Den- 
hardt s solution, d. 1 '7 Xntoi i X- 1 00, (). 1 mg nil Eschna fun < oh 
RNA. and cold' 0.1 mM a S-LTP. For hvbndi/atiou, 90,000 
dpin a I u' Vl'TP labeled RNA probe was added lo the hv- 
bridi/ation mix and the In bndization was continued at iitVC 
for It) h in a humid chamber. The slices were washed in h\- 
bi id nation salt solution with dithiothi ettol. .After RNase di- 
gestion, the slitt-s were washed for 'M) mm with iG SSG, (1.1^ 
sodium (indrol sulfate. aO nun with 0 1 ( 7 SSG .it H7°G, and 
dermlrated b\ increasing concentrations of ethanol. The 
slices were coated with II ford K3 photoetTiulsion for autora- 
diograpfn .\Jtet 1-4 wk of exposure at -f*G, the slides were 
de\ eloped m Kodak Dldb a tul slues were Gienisa stained. The 
sections were analwcd witli bright- or ciark-tield il lutnination 
using ,i OKmpus B 'J01 microscope. Photographs were made 
using Kodak Fa uu bonne IbOT Professional film. Adjacent 
slu es were stained with hematoxylin eosin iHEl or processed 
toi macrophage visualization bv a monoclonal antibody 
against muiiue mat i ophages I'ED-, Sciotec. Indianapolis, 
Ind. i l o this end. set Hons were deparaf rini/ed and nu abated 
in phosphaie-butrei ed salme with 0.:*'7 H..O. tor 10 mm to 
desti'o\ endogenous peroxidase acti\~it\. Tissue sec lions vvere 
fiuther int ubated with 0.1'V- trvpsm I Sigma \ for 15 mm for 
antigen teu ic\al. After treatment with I r l normal horsr se- 
rum tor 10 nun. the slices were incubated with the primary 
antibody at a dilution ot 1 : lOO tor 30 mm Treatment with 
biotinxJatcd anti-mouse immunoglobulin followed, and sec- 
tions were incubated with peroxida^e-conjugaied slrepiavidin 
for another- 'Mi mm Aftei a final wash, the .sections were im- 
mersed m a solution lontammg 0.0b mM ;V;V diammo-ben- 
ziduie arid 'J mM H _.()_. in 0 0:V7. Tris-HO, pH 7.6. tor ~t mm. 
FmalK, tlie settions were t ounterstairied with Maver's hema- 
kiwIiii. As. negative control, normal mouse immunoglobulin 
G was user! instead ot ihe pnm.iiy annbodv 



RESULTS 

Steroids and forskolin do not directly affect 
transcription of the PHGPx gene in testis 

In evaluate tin- hormone responsiveness of the 
PHGPx gene in natural context, we incubated 
(let apstilated testes oi earlv and middle puberal 
rats with 1 jj.M r estosi c i ■< me . 5 V nil hGG, or 10 



juM forskolin and analyzed the- PH< ,Px uiRNA level 
after 4 h of incubation bv Northern blotting. Ac mi 
mRNA was analyzed for standardization. As seen 
from Fig. I A, B, the PHGPx in RNA level was found 
to be lower in earlv puberal rats than in middle 
puberal ones, corroborating the previous obser- 
vation that PHGPx in testis indeed depends on 
sexual maturation. A roughlv fivefold increase in 
PHGPx mRNA can In- estimated between the un- 
treated testes of rats l J5 and 00 tlavs old. which 
compares reasonably with the sixfold increase ot 
PHGPx activity .>() to bO davs alter birth repot ted 
previously (28). The conventional normalization 
of the mRNA under investigation bv actio mRNA 
(Fig. 1 C.) led to an underestimation of the increase 
of PHGPx mRNA. since the actin mRNA in whole 
testis also increased with sexual maturation. 

Incubations with the hormones or forskolin. how- 
ever, did not significantly affect PHGPx mRNA levels. 
Thus, a direct transcriptional control of the PHGPx 
gene bv testosterone. hGG, or forskolin. i.e.. cAMP, 
was not detectable bv tins approach. 

The specific activity of PHGPx, not of cGPx, 
correlates with testicular growth 

Left without anv evidence corroborating the idea that 
testosterone. hCG, or cAMP might directly activate 
PHGPx gene transcription, we decided to reinvesti- 
gate the development of PHGPx and cGPx activities 
of the testis during the preptiberal phase of intact 
rats. Figure 2 confirms that the specific activity of 
PHGPx increases linearly with testis growth during 
sexual development. In this experiment. GPx activity 
was measured in unfi at tionated super natant.s with 
the PHGPx-specific substrate PGOOH and with 
H ,(),. which can be reduced by both PHGPx and 
cGPx. Measurements of both tvpes of activity, when 
related to testis weight, yielded straight regression 
lines that differed significantly 1 in slopes and inter- 
cepts ( P< "0.05). 

Apparently the mam activity max be attributed to 
PHGPx, since the activities measured with H_.0 . 
ranged onlv slightly above those obtained with the 
PHGPx-specific substrate. The convergence of the 
lines further suggests that the relative contribution of 
cGPx to the total GPx activity shrinks with increased 
age. To check the accuracy of these assumptions, tes- 
tis homogenates of earlv puberal and adult rats were 
subjected to gel permeation chromatography , taking 
the difference in molecular mass of the tetrameiic 
cGPx I SO kDa) and the monomeric PHGPx (20 kDa) 
as an additional criterion of discrimination. As evi- 
dent from Fig. 3. a high and a low molecular mass 
GPx activity is detec ted with H,()_.. With PGOOH, 
only the low molecular mass (,P\ actum tie.. 
PHGPx j is seen. (Comparing ihe activities of cGPx 
and PHGPx in earlv puberal (Fig. SA > and adult rat 
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Figure I. Incapacity of testosterone and other agonists to directly induce PHGPx mRNA in Testis in vitro Testes from earh (2d 
davs old small letters) and middle puberal animals (60 davs old. capital letters) were decapsulated and incubated for 4 h at 
34 C C m the presence of buffer (a). hCG (5 V ml) (b). testosterone (1 p.M ) (c). or forskolin (10 Nf ) <d> Alter agarose gel 
elec trophoresis, total mRNA (20jigi was blotted onto a nvlon membrane and probed with radiolabeled PHGPx and acuncDNAs. 
\ , A representative blotting of PHGPx mRNA; E\ the corresponding acun mRNA O The ratio* of c pin of PHGPx and actin 
mRNA spots are call ulated for three independent experiments, as described in Materials and Methods. 
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Figure 2. Glutathione peroxidase activity in rat testis as a func- 
tion of normal testi-s weight The glutathione peroxidase ac- 
uvm of rat testis was measured spectrophotometricallv with 
PGOOH (•). or H...O-. as substrates direct! v from homog- 
enates Results represent the mean of rwo measurements (one 
rat each't. The two regression lines are significantly different 
,/*<() 05 I The age of the rats was. from left to nght: 32. 40, 
47. 57. 54. 84. and 121 davs 



testis (Fig. 3B), it is evident that PHGPx is increased 
in the sexually mature testis whereas cGPx remains 
essentially the same as in earlv puberal rats. The ac- 
tivity units underestimate the amount of PHGPx 
roughlv bv a factor of 10. which implies that PHGPx 
is already more abundant than cGPx in the testis of 
voung rati and exceedingly high in adults. Thus, the 
original observation that PHGPx is the main seleno- 
peroxidase in rat testis and correlates with sexual 
maturation (28) is confirmed, and a relevant change 
in cGPx is ruled out. 

When normally developing rats were treated with 
hCG (500 II' once a dav for 1-2 \vk). the rise in 
PHGPx activity reported for hvpophvsectomized rats 
(28) was not observed. In fact, the specific PHGPx 
activities of hCG-treated rats were consistency lower 
than that of age- or weight-matched controls (data 
not shown). This apparent discrepancy in the effects 
of hCG on testicular PHGPx parallels the differential 
impact of hCG on the integrity of the seminiferous 
epithelium. Whereas hGG partially restores the sem- 
iniferous epithelium in hvpophvsectomized rats bv 
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Figure 3. Estimation of cGPx and PHGPx after gel permeation column chromatography of testis homogenate. RaLs. 49 (earlv 
pubt ral, testis weight 0.61 g, A) or 90 days old (adult, testis weight 1.9 g, B) , respec tively, were used for the experiment. The 
peroxidase activirv was measured with H 2 0 2 or PCOOH as substrate. The specific actmrv measured with H^O- in the fractions 
10-20 from the gel permeation column indicates the presence of the tetramenc cGPx i— 80 kDa, peak I), whereas the actum 
observed with H\>0 ; or PCOOH in fractions 30-40 indic ates the presence of the monomenc PHGPx ( —20 kDa, peak II) Willi 
the substrate PCOOH. the total acuvirv applied onto the column was 6.1 U for the 49-dav-old rat or 17.3 U for the 90~dav-old 
rat. corresponding to a PHGPx activity recovered alter chromatography of 5.5 L' (A, peak II) and 16 3 V (R, peak II) Total 
glutathione peroxidase activity applied to the columns (measured with H 3 O s as substrate) was 9. l J and 19.0 I', respectively 
Corresponding cGPx activities recovered were 3.4 and 3.6 l T , respectively, whereas the remaining units of the samples have to 
be attributed to PHGPx (peaks II). Integrated PHGPx peaks were essenuallv the same for both substrates 



substituting for the pituitary stimulation of Levdig 
cells, it reportedly damages the seminiferous epithe- 
lium in normal rats {36, 37). 

Testicular PHGPx expression in vivo is mediated by 
Leydig cell-derived testosterone 

The observations reported so far — i.e., lack of evi- 
dence for a short-term transcriptional activation of 
the PHGPx gene, positive correlation of PHGPx ac- 
tivity and mRXA with testicular maturation, and the 
model-dependent differential effects of hCG on 
testicular PHGPx — prompted us to reconsider our 
working hypothesis. Instead of looking for a direct 
hormonal regulation of PHGPx gene transcription 
or translation, we turned to the alternative possi- 
bility of hormone dependency of a particular cell 
type that preferentially expresses PHGPx. To eval- 



uate this hypothesis, we treated mature rats with 
EDS. thereby interrupting the pituitarv-gonadal 
axis. EDS is known to selectively eradicate Leydig 
cells, which results in a time-de!aved atrophv of the 
seminiferous epithelium and, finally, in sterility 
(38). In this experimental design, a fast decline of 
PHGPx activity and or expression paralleling the 
loss of Leydig cells would support a direct control 
of the enzyme bv Leydig cell-derived hormones, 
whereas a delayed response paralleling the atrophv 
of the seminiferous epithelium would favor the as- 
sumption of a prevailing expression in a hormone- 
dependent cell tvpe. 

As shown in Rg. 4A. unspet ific phenyl esterase, a 
marker enzvme of Levdig cells, rapidly declines af ter 
EDS treatment, reaching negligible levels by day 3 
and recovering onlv marginally bv dav 28. PHGPx ac- 
tivirv also declines upon EDS treatment (Fig. 4.-1), but 
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Figure 4. Effect of the treatment with ethane dimethaiie sulionate 
(EDS) without (A) or with iff) testosterone substitution on phenyl 
esterase, c( -Px . PHGPx ar tivirv. or PHGPx mRNA (O of rat testes 
Testes were from adult rats (90 davs old) receiving a single injec- 
tion ot EDS or a single injection of EDS. followed bv testosterone 
esters c2f> mg anjmaJ. everv 3 davsl A, B) MeasuremeriLs were 
performed on isolated fractions from gel permeation column 
chromatography as reported in Materials and Methods and Fig. 3. 
These were assaved for nonspecific phenyl esterase and glutathi- 
one peroxidase acu\it\ with r>ndrossi phenvl acetate or H?Oj as 
substrate. The peak area, expressed as total tin lis of integrated 
phenvl esterase cGPx (A), and PHGPx (♦> actum is re- 

ported. ( . '.' Results obtained bv Nonliern blorring with the same 
experimental model performed identirallv three times The blot 
ting was probed widi radiolabeled PHGPx and actin cDNAs and 
then qiuinUhed as described in Y\% 1 *P< 0.01 vs. da% 0 and dav 
2S aJter EDS plus testosterone administration. Note that PHGPx 
ac uurv i A. ♦ ) and mRNA ((, — ) decline much later than phenvl 
esterase actum ( A, and lhai testosterone administration com- 
pleteK prevents the decline of Ijoth PHGPx activity ( ff ♦ i and 
mRNA i'CIi 



with c onsiderable dela\. Simiiariv PrK,P\ mRNA 
does not dee r cast- sigmheamh b\ A wk alter KDS 
treatment (Fig. AC). The t onsiderable disc t epant \ m 
the time course of Levdig cell eradication and 
PHGPx activity mRNA decreasf demonstr ates that / 1 
Levdig cells themselves do not significantly contrilv- 
ute to overall PHGPx content in testis. 2> testicular 
PHGPx is obviouslv not under a direct and short-term 
control of Levdig cells-derived hormones, hut vmicv- 
ertheless cannot be sustained over time without Lev- 
dig cell-derived factors. In view of the data reported 
above and the known relevance of testosterone to 
functional integrity of the seminiferous epithelium, 
we investigated whether the lost Levdig cell function 
in EDS-treated animals could he substituted h\ tes- 
tosterone treatment; indeed. Fig. 4 B, G shows that, 
despite a complete and sustained loss of phenvl es- 
terase (or Levdig cells, respectively), the PHGPx ac- 
tivity and mRNA remained completely unchanged 
for the 4wk period of observation in the testosterone- 
substituted animal. 

Not unexpectedly, cGPx activities were not al- 
tered accordingly bv EDS treatment. In fact, they 
increased shortly after EDS treatment lat the time 
of ongoing Levdig cell destruction) and returned 
to control values during the ensuing weeks (Fig. 
-4.4). Levdig cells can therefore also be ruled out as 
a testicular compartment harboring substantial 
amounts of cGPx. 

The round spermatid layer is the site of 
preferential PHGPx expression 

The sites of predominant expression of cGPx and 
PHGPx were finally clarified b\ mRNA in situ hy- 
bridization. The cGPx mRNA distribution appeared 
rather diffuse, with a slight predominance in the in- 
tertubular mterstitium (Fig. 5A-D) Inummostam- 
ing of adjacent serial slices with a monoclonal anti- 
body against rat macrophages revealed that 
interstitial cGPx mRNA was largely associated with 
macrophages and not with Levdig cells (Fig. 5£, F) . 
Accordingly, a similar distribution of cGPx mRNA 
was observed in testes of rats treated with EDS l J8 
days earlier and thus largely devoid of Levdig cells 
(Fig. 5E). When hybridized to a probe of compara- 
ble size and specific radioactivity PHGPx mRNA 
proved to be much more abundant < Fig. 6). In the 
intertubular interstitium, no particular enrichment 
of PHGPx mRNA in Levdig cells (Fig. u7 ; . F. Fig. IE, 
F) or mast cells (Fig. IE, F) was detectable. At best, 
some association with macrophages was sporadically 
observed. Instead, a heavilv stained inner laver of 
tubular cells was seen in the majority of tubules ( Fig 
fiA-D). Comparison with hematoxylin eostn- 
stained slices, in which the cellular morphology is 
better conserved than in those exposed to the more 
drastic in situ hybridization conditions, revealed 
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Figure 5 In situ hybridization of cGPx mRNA in rat tesus. A) In situ hybridization with an annsense probe isee methods) after 
4 wk of e xposure, magnification 160-fold. B) ('lose-up of panel A, magnification 640-fold: <t> = macrophage. IC - Levdigteil. 
C Sense probe (control) otherwise as in panels .A. B. El Intertubular tissue in testis of raLs treated with EDS JS davs earlier 
Macrophages (deep brown. <t>) are stained bv monoclonal antibodies. Note the absenre of intact I.evdig cell-,. PS = primary 
spermatocele. PTC - pen tubular cell. SC - Sertoli cell, f) Slice adjacent to K showing in situ hybridization of an antiseuse pit (In- 
to < ( iP\ mRNA primarilv in macrophages Exposure tune was L* wk. 



that the t hat a< tt r istic label has to be attributed to 
late touncl spermatids, whereas the layer containing 
Sertoli cells, spermatogonia, and primary spermat- 
ocytes (but also the elongate spermatids and mature 



spermatozoa) exhibits a comparable and low back- 
ground label. This peculiar pattern remains virtually 
unchanged bv EDS treatment (Fig. 7). The small 
quantitative difference in PHGPx mRNA content 



Figure 6. In sun hvbriduauon of PHGPx mRNA in tesus of adult norma! rats. A) HE stain, magnification 160-fold. I = intf r stjimin, 
T ^ tuhulus, V = blood vessel. B> Corresponding in situ hybridization with an antisense probe (see Materials and Methods) 
after 1 wk of exposure and sLaining with Giemsa. The slice adjacent to A was used. C) Close-up of panel A. magnific ation 640- 
fold: ES = elongated spermatid. RS = round spermatid. SZ - spermatozoa. /^Close-up of panel B, magnification b40-fold E) 
Intertubular tissue stained for macrophages {deep brown, <J>), magnification 640-fold. F) Section adjacent to panel b. shoeing 
PHGPx mRNA 



found bv transcript quantitation in whole testis of 
normal and EDS-trcated rats (see Fig. 4C) could not 
be verified hisiologicallv due to the various stages of 
the spermatogenic evele presented in the tubules of 
a given slice In fact, the onlv obvious changes ob- 



served histologically in the EDS-exposed testes were 
decrease of elongate spermatids and mature sper- 
matozoa, lack of Levdig cells, and enrichment with 
mast cells (Fig. 5E, 7E) t which is in agreement with 
earlier findings (38). 
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Figure 7. In situ hybridization of PHGPx mRNA in testis of rats treated with EDS 28 davs earlier. Note the lack of mature 
spermatozoa, almost complete disappearance of Leydig cells and the infiltration of mast cells. A) HE stain; magnification 160- 
fold B) Corresponding in situ hybridization with an anusense probe (see methods) after 1 wk of exposure and staining with 
Giemsa. The slice adjacent to A was used. MC - mast cell. Cj Close-up of panel A; magmfitauon 640-fold; LRS = late round 
spet mauds. D) Close-up of panel B\ magnification 640-fold. E) Intertubular tissue staint-ri for macrophages (deep brown, <t>) . 
trja^nittcauon 64(Mold. f i Section adjacent to £ shows PHGPx mRNA. 



DISCUSSION 

The data presented here do not suggest any specific 
role for c(»Px in testicular function. It is uncharac- 



teristically expressed in testis with the exception of a 
slight predominance in interstitial macrophages. 
Also, its activity and expression is not altered during 
sexual maturation or bv hormonal treatment. The 
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transient increase ot iGPx observed during L.evdig 
t I'll destruction bv FDS is most tikelv explained bv an 
increased infiltration of macrophages reportedly oc- 
curring preciseh within tit is time frame (38). The 
phenomenon thus has to be regarded as a conse- 
quence of tissue remodeling alter chemical l.evdig 
cell destruction and appears to be unrelated to any 
hormonal disturbance resulting therefrom. 

The irrelevance of cGPx to specific testicular func- 
tion mav also be inferred from recent gene disrup- 
tion experiments. cGPx-negative mice developed 
normally and were obviously fertile even in the ho- 
mozygous stale iM)). Onlv their susceptibility to oxi- 
dative stress, as demonstrated bv paraquat exposure, 
was dramatically increased (40). These observations 
classify cGPx as an emergency device to balance un- 
specific oxidative stress. This role of cGPx mav be 
considered important for the prevention of hvdro- 
peroxide-mediated mutagenic events also in the 
germ line, as it probably is in somatic cells. 

In contrast. PHGPx appears to be intimately in- 
volved in the process of spermatogenesis. Admittedly, 
an essential role of PHGPx in spermatogenesis awaits 
final proof, since specific PHGPx inhibitors are not 
available, genetic deficiencies have not vet been dis- 
covered, and PHGPx knock-out animals have not 
been constructed. But the peculiar expression pat- 
tern of PHGPx in the seminiferous epithelium as well 
as its dependency on testosterone is intriguing. Pref- 
erential PHGPx gene transcription is observed in the 
late round spermatids, which ceases abruptly upon 
transition to elongated spermatids. It therefore is 
tempting to speculate about a specific role of PHGPx 
in the prefinal stage of spermatogenesis comprising 
the change in shape from round spermatids to the 
elongated forms. We have no idea how PHGPx mav 
trigger this process of differentiation. We can. how- 
ever, safely state that this differentiation process itself 
depends on testosterone and that PHGPx expression 
exhibits persuasive parallelism. Both phenomena oc- 
cur onlv after puberty; both are prevented bv hvpo- 
phvsectomv, are decreased bv pharmacological L.ev- 
dig cell destruction, and are fully restored bv 
administration of testosterone alone in l.evdig cell- 
deprived testis. It mav also be inferred from the data 
presented here that the sudden transcription of the 
Pf IGPx gene at a particular phase of spermatogenesis 
does not iikelv result from a direct transcriptional 
control bv testosterone, but rather is due to a testos- 
terone-dependent factor selectively expressed in the 
spermatids, that still awaits identification. 

The regulatory role of PHGPx we infer here is not 
as remote as it mav appear at first glance. PHGPx is 
indeed an unusual representative of the (iPx family 
ot proteins, and is not Iikelv to be an enzyme respon- 
sible simplv for the defense against oxidative stress. 
Although it is homologous to and shares the catalytic 
c enter with its c< mgeners ( 2 1 ) , it has been questioned 



whether PHGPx is adequaieh classified a^ a glut/ilhi- 
one peroxidase, because all residues implicated in the 
specific binding of glutathione bv cGPx are missing 
and the rate of the reaction with GSH is compara- 
tively low (14). It therefore remains uncertain 
whether PHGPx uses the major cellular reductant 
GSH efficiently enough to constitute a defense sys- 
tem against oxidative damage. The tissue distribution 
of PHGPx, being low in the lung, liver, and kidnev 
but high in testis (41, 42). does not parallel anv ob- 
vious demand for antioxidants. Similarly, the onlv 
nonvertebrate homologue of PHGPx discovered so 
far is almost exclusively associated with the female 
gender of Schistosoma man son i and with the vitelline 
glands there, which are indispensable for reproduc- 
tion (43, 44). A role of PHGPx distinct from defense 
against peroxide damage is further suggested bv the 
lack of correlation of protein levels determined im- 
munologically and pertinent glutathione peroxidase 
activities (43). Considerable protein levels with low 
or absent enzvmatic activity are detectable, for ex- 
ample, in liver and spermatozoa ( 28 ) . respectively, 
and this PHGPx protein appears to be closely asso- 
ciated with other proteins vet to be identified (F. Gr- 
sini, unpublished observation). A putative regulatory 
role of PHGPx has also been discussed due to its vari- 
able subcellular distribution (14) and its unique abil- 
ity to reduce hydroperoxides of complex biomem- 
brane lipids generated bv 1 5-lipoxvgenase (46). an 
enzyme implicated in reticulocyte differentiation 
processes (47). C Hear evidence for the involvement of 
PHGPx in cellular responses has been reported in 
two cases: 1) PHGPx levels manipulated bv time-con- 
trolled selenium deprivation and ^supplementation 
correlated inversely with endotoxm-tnggei ed leuko- 
triene biosynthesis in vivo (48) : and 2n>verexpr ession 
of PHGPx in a human endothelial cell line abrogated 
the interleukin 1 -dependent \Fk"B activation 1 49). 
Whether such regulator)' events are achieved bv mod- 
ulating the cellular peroxide tone is still debatable. It 
mav as well be envisaged that the selenium moiety of 
PHGPx is oxidized by particular hydroperoxides and 
then reacts with susceptible thiols of proteins subject 
to redox regulation. 

The evident potential of PHGPx to regulate re- 
sponses in various cellular systems strengthens the 
idea that its peculiar expression pattern in testis is 
somehow related to spermatid differentiation. If so. 
its selenoprotein nature might explain the male in- 
fertility observed in selenium deficiency. However, 
bevond the two selenoperoxidases discussed so far, 
other links of selenium biochemistry with testicular 
function have to be considered. Geriainlv, a decline 
in thioredoxm reductase recently shown to contain a 
selenocvsieinc residue (18) and to respond to sele- 
nium deprivation in tissue culture i 23) would inevi- 
tably lead to an impairment of the rapidlv dividing 
seminiferous epithelium due to disturbance of the 
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thioi edoxnwieprnctcnt tleoxvnuc ieotide me taholism 
(50). Thioredoxin reductase activity, however, is less 
easilv affected bv selenium deprivation ("23) than the 
glutathione peroxidases under consideration (25). 
Still, selenoprotein P, a protein containing 10-12 se- 
lenocvsteine residue* of unknown function, is ex- 
pressed in Ievdig cells (51); pulse-labeling experi- 
ments with ■ \Se showed an additional selenoprotein 
of 34 kl)a to be expressed in rat testis after onset of 
pubem (52), as is PHGPx (28). In view of this emerg- 
ing complexity, we anticipate other selenoproteins to 
complement PHGPx in the testicular maturation 
process. g£j 
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thors are very grateful to Dr. Franco Tubaro. Department ot 
Chermstrv, L'niversitv oi I 'dine, for synthesis of F.DS and its 
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Method to detect male antif ertility problems 

The invention relates to a method to detect male antifertil- 
ity problems based on the determination of latent phos- 
pholipid hydroperoxide glutathione peroxidase (PHGPx). 

Selenium is essential for male fertility. In mature mammalian 
spermatozoa it is largely restricted to the midpiece harbour- 
ing the helix of mitochondria embedded into a keratine-like 
selenium-enriched matrix called the mitochondrial capsule. 
Selenium deficiency is associated with impaired sperm motil- 
ity, structural alterations of the midpiece up to breakages, 
and loss of flagellum. The predominant selenoprotein of the 
mammalian male reproductive system, phospholipid hydroperox- 
ide glutathione peroxidase (PHGPx), was shown to be preferen- 
tially expressed in round spermatids but was hardly detect- 
able in terms of messenger RNA or activity in spermatozoa. 
The basis of the invention is the discovery that PHGPx per- 
sists in spermatozoa but as insoluble, enzymatically inactive 
material forming the mitochondrial capsule. PHGPx activity of 
this material can be restored by high concentrations of thi- 
ols. PHGPx, thus, acts as a peroxidase in the proliferating 
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germ epithelium to prevent oxidative damage. In the late 
stages of sperm maturation it is oxidatively cross-linked to 
become a structural element indispensible for sperm function. 
Accordingly, the determination of the PHGPx content in sperm 
or any other tissue of humans or life stock can be used to 
estimate the fertilization potential of sperm. 

The invention thus in accordance with claim 1 provides a 
method for the determination of latent phospholipid hydroper- 
oxide glutathione peroxidase (PHGPx) comprising the steps of 

a) obtaining a sperm sample, 

b) solubilizing the spermatozoa by using detergents and 
chaotropic agents and reactivating latent PHGPx by using high 
concentrations of thiols and 

c) determining enzymatic activity of reactivated latent 
PHGPx. 

In a further aspect the invention relates to the use of the 
inventive method in a method for predicting the fertilizing 
potential of spermatozoa in sperm samples. 

Further advantageous and/or preferred embodiments of the in- 
vention are subject-matter of the subclaims. 

In a preferred embodiment of the inventive method an addi- 
tional step of removing any reactivating reagents by, e.g., 
gel filtration is provided between the step of solubilizing 
the spermatozoa and the step of determining the enzymatic ac- 
tivity of reactivated latent PHGPx. 

in a further embodiment of the invention instead of determin- 
ing enzymatic activity of reactivated latent PHGPx the con- 
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tent of solubilized PHGPx is determined by conventional immu- 
nological techniques or measurement of enzymatic activity. 

The used chaotropic agent is, for example, 4 - 8 M guanidine 
chloride, 4 - 8 M guanidine thiocyanate or 5 — 8 M urea. 

The used thiol is, for example, 50 - 300 mM 2- 

mercaptoethanol, 25 - 300 mM dithiothrei tol ( DTT ) or dithio- 
erythritol (DTE). 

The sperm sample is, for example, from humans or life stock. 

In the following the invention is disclosed in more detail 
with reference to examples and to drawings. However, the de- 
scribed specific forms or preferred embodiments are to be 
considered in all respects as illustrative and not restric- 
tive, the scope of the invention being indicated by the ap- 
pended claims rather than by the following description, and 
all changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be em- 
braced therein. 

Regarding the cited literature a reference list with more de- 
tailed bibliographic information can be found at the end of 
this specification. 

Routine preparations of rat sperm mitochondrial capsules (1) 
yielded a fraction which was insoluble in 1% SDS and 0.2 mM 
DTT and displayed expected vesicular appearance in electron 
microscopy (Fig. 1 a). The vesicles readily disintegrated 
upon exposure to 0.1 M mercaptoethanol (Fig. 1 b) and became 
fully soluble in 6 M guanidine-HCL . When the solubilized cap- 
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sule material was subjected to gel electrophoresis essen- 
tially four bands in the 20 kDa region were detected (Fig. 1 
c r left lane). Western blotting revealed that the most promi- 
nent one reacted with antibodies directed against PHGPx (Fig. 
1 c, right lane) which is undetectable as active peroxidase 
in mature spermatozoa (Tab. 1). Also, N-terminal sequencing 
of the 21 kDa band representing about 46% of total protein 
content according to Coomassie stain revealed that it con- 
sisted of at least 95% pure PHGPx. Puzzled by this unexpected 
finding, we investigated the composition of the mitochondrial 
capsules in more detail by 2D-electrophoresis (Fig. 2 a) fol- 
lowed by microseguencing and/or MALDI-TOF for identification 
(Fig. 2 b). For this purpose the capsules were dissolved com- 
pletely in a buffer designed for electrophoretic separation 
of membrane proteins (see Methods). The spot migrating with 
an apparent molecular weight of about 21 kDa and focussing at 
a pH near 8 (spot 3) proved to be PHGPx according to the 
masses of tryptic peptides detected by MALDI-TOF (Fig. 2 b). 
By the same technique, also the slightly more acidic charge 
isomer (spot 4), the more basic ones (spots 1, 2 and 5) as 
well as the spots 6 and 7 exhibiting a smaller apparent mo- 
lecular mass were shown to contain PHGPx (Fig. 2 c). The pre- 
dicted N-terminal (pos. 3-12) and C-terminal peptides (pos. 
165-170), the fragment corresponding to positions 100-105 and 
those expected from the basic sequence part 119-151 were too 
small to be reliably identified. Interestingly, the fragment 
corresponding to positions 34-48 comprising the active site 
selenocysteine was not detected either. With these excep- 
tions, however, the MALDI-TOF spectra unequivocally complied 
with the PHGPx sequence and thus proved the presence of PHGPx 
in spots 1-7. On a thicker 2D-gel developed with a non-linear 
gradient from pH 3-10 also five distinct spots were detected 
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in the 20 kDa region. In this experiments the presence of 
PHGPx was verified by microsequencing of major tryptic pep- 
tides (not shown). Again the spots representing PHGPx were 
the most prominent ones present in the gel. 

5 

The spots 1-6 of Fig. 2 a proved to be essentially homogene- 
ous. As is exemplified in Fig. 2 b, the fragments yielding 
MALDI-TOF signals of significant intensities could be attrib- 
uted to PHGPx. Only in the minor spot 7 a trace of impurity 

10 was detected, which was tentatively identified as a subunit 
of the T cell receptor variable region ( acc . no. 228109 ). 
Based on integrated stain intensities of the individual spots 
those representing PHGPx amounted to about 50% of the capsule 
material. Most of the minor components (see Fig. 2 a) are not 

is likely constituents of the capsule, which is believed to be 
built up by apposition of extramitochondr ial proteins onto 
the outer mitochondrial membrane. In other gels further pro- 
teins like the mitochondrial glutathione S-transf erase sub- 
unit Yb-2 (acc. no. 121719) and an endothelin converting en- 

20 zyine {acc. no. 1706564) could be identified by MALDI-TOF or 
micro-sequencing (not shown). Spots 8 and 9 were identified 
as the "outer dense fiber protein", a cystine-rich structural 
sperm protein, which is associated with the helix of mito- 
chondria in the sperm midpiece but also extends into the fla- 

25 gellum (7). In view of the nature of the additional proteins 
detected, the PHGPx content of the actual mitochondrial cap- 
sule should substantially exceed the 50% observed by gel 
scanning . 



30 Despite intense search, we could not detect any trace of the 
"sperm mitochondria-associated cysteine-rich protein ("SMCP" ) 
(7) in our capsule preparation. This cysteine- and pro- 
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line-x*ich protein had for long been considered the selenopro- 
tein accounting for the selenium content of the mitochondrial 
capsule in sperm (1,8,9). Cloning of the rat SMCP gene, how- 
ever, revealed that it did not contain any in-frame TGA codon 
5 enabling selenocys teine incorporation (10). In mice, the 
three in-frame TGA codons proved to be upstream of the trans- 
lation start (7). In developing mouse sperm SMCP stayed cyto- 
solic up to states in which the mitochondrial capsule was al- 
ready formed and only became superficially associated with 

10 the outer mitochondrial membranes of late spermatids and epi- 
didymal spermatozoa (7). SMCP thus is not necessarily an in- 
tegral part of the mitochondrial capsule nor it is a seleno- 
protein. Instead, the "mitochondrial capsule selenoprotein 
(MCS) ,r , as SMCP was originally referred to (1,7-10), is in- 

15 deed PHGPx. 

The chemical modifications of PHGPx leading to distinct dif- 
ferences in charge and apparent MW could not be reliably elu- 
cidated. Sequencing revealed an identical N-terminus of the 

20 size isomers starting with ASRDDWRCAR, i.e. a sequence either 
corresponging to the originally proposed translation start 
(11) after cleavage of the first two residues or derived from 
a possible pre-PHGPx (12) after processing of a mitochondrial 
leader peptide (13). Tryptic fragments extending towards the 

25 C-terminus up to position 164 were consistently observed 
also with the faster migrating specimen (Fig. 2 c) which 
leaves little room to explain an apparent MW difference of 1 
to 1.5 kDa . As to the charge isomers, it may be recalled that 
a potential phophory lation had been inferred from early at- 

30 tempts to sequence pig heart PHGPx (14). The assignment of 
I masses to possibly phosphory lated tryptic peptides, however, 

remained equivocal. Certainly, more trivial events such as 
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deaminations of Gin and Asn residues, C-terminal degradation, 
oxidation of the active site selenium, or its elimination 
miyht have contributed to the charge heterogeneity. 

3 PHGPx as the major component of the sperm mitochondrial cap- 
sule had so far escaped attention, since as such it is enzy- 
matically inactive, as it generally is in mature spermatozoa 
prepared from the tail of the epididymis (Tab. 1). It is nei- 
ther reactivated by glutathione in the low millimolar range 

lo as used under conventional test conditions. High concentra- 
tions of thiols (0.1 M 2-mercaptoethanol or dithiothreitol ) , 
which in the presence of guanidine fully dissolve the cap- 
sule, regenerate a significant PHGPx activity, as measured 
after elimination of denaturating and reducing agents (Tab. 1 

is ). In fact, the specific activities thus obtained from mito- 
chondrial capsules exceed, by a factor of 20, the highest 
values ever measured, i.e. in spermatogenic cells. Neverthe- 
less, this extreme PHGPx activity is still low compared to 
its content in PHGPx protein. Based on the specific activity 

20 of pure PHGPx, the reactivated enzyme would be equivalent to 
less than 3% of the capsule protein, whereas the 2D- 
electrophoresis suggests a PHGPx protein content of at least 
50%. It is worth noting that the same reductive procedure 
does not increase the specific activity of PHGPx in spermato- 

25 genie cells from testicular tubules (Tab. 1). The switch of 
PHGPx from a soluble active enzyme to an enzymatically inac- 
tive structural protein thus occurs during final differentia- 
tion of spermatozoa. 

30 The alternate roles of PHGPx, being either a glutathione- 
dependent hydroperoxide reductase or a structural protein, 
are not necessarily unrelated. One of the features common to 
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all glutathione peroxidases is a selenocysteine residue which 
together with a tryptophan and a glutamine residue forms a 
catalytic triad (15,16). Therein the selenol group of the se- 
lenocysteine residue is dissociated and highly activated by 
hydrogen bonding to reduce hydroperoxides with high rate con- 
stants. The reaction product, a selenenic acid derivative, 
R-SeOH, will readily react with thiols, e.g. GSH , to form an 
intermediate with a selenadisulf ide bridge between enzyme and 
substrate, R-Se-S-G, from which the ground state enzyme can 
be regenerated by a second GSH. PHGPx is unique among the 
glutathione peroxidases in several respects: i) it usually is 
monomeric having its active site freely accessible at the 
surface; this facilitates interaction with bulky substrates, 
ii) Arginine residues surrounding the active site and spe- 
cifically binding glutathione in most types of glutathione 
peroxidases are lacking in PHGPx (16); correspondingly, its 
specificity for the reducing substrate is less pronounced 
(16). it therefore can be envisaged that oxidized PHGPx may 
form diselenide or selenadisulf ide bridges with exposed SeH 
or SH groups of proteins (16) including PHGPx itself, and 
this process, possibly followed by SH/SS, SH/SeS, or SH/SeSe 
exchange reactions, will create cross-linked protein aggre- 
gates. This ability of PHGPx might become particularly impor- 
tant if cells are exposed to hydroperoxides at extremely low 
concentration of glutathione, as is documented for late 
states of spermatogenesis (17-20). Fig. 3 is to mimick the 
oxidative events occurring during sperm maturation. Short 
term exposure of soluble proteins derived from spermatogenic 
cells to moderate H 2 0 2 concentrations in the absence of GSH 
yields a variety of PHGPx-containing high molecular weight 
aggregates. Undoubtedly, therefore, PHGPx , by means of its 
intrinsic enzymatic potential, can catalyse oxidative protein 
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aggregation using protein thiols as alternate substrates. 
During sperm maturation, PHGPx thereby transforms itself into 
an enzymatically inactivated structural protein. This view, 
however, is not to imply that PHGPx could not depend on addi- 
tional proteins when building up the highly organized archi- 
tecture of the spermatozoal midpiece. 

Our findings require a fundamental reconsideration of the 
role of selenium in male fertilty. The intriguing predomi- 

.lo nance of the selenoprotein PHGPx in the male reproductive 
system has so far been believed to reflect the necessity to 
shield germ line cells from oxidative damage by hydroperox- 
ides and reactive oxygen species derived therefrom 
(11,17,21,22). This concept still merits attention with re- 

is gard to the mutagenic potential of hydroperoxides and proba- 
bly holds true for the early phases of spermatogenesis where 
PHGPx is still present as an active peroxidase (6,21). At 
this stage related activities reported for PHGPx or other 
glutathione peroxidases, e.g. silencing lipoxygenases (23), 

20 dampening the activation of NF B (24) or inhibiting apoptosis 
(25), may also be relevant. In later stages of spermatogene- 
sis characterized by a shift of the redox status resulting in 
loss of GSH ( 18-20 , 26 ), the ability of PHGPx to use protein 
thiols as alternate substrates opens up new perspectives of 

25 redox regulation which remain to be explored. In the mature 
spermatozoon PHGPx has experienced a pronounced metamorphosis 
now being a major constituent of the keratinuous material em- 
bedding the mitochondrial helix. It appears revealing that 
precisely this architectural pecularity in the midpiece of 

30 spermatozoa shows gross structural alterations in selenium 
deficiency. We therefore assume that the mechanical instabil- 
ity of the midpiece observed in selenium deficiency is a con- 
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sequence of an impaired PHGPx biosynthesis. This view implies 
that it is not the antioxidant capacity of PHGPx which is 
crucial for male fertility but its ability to utilize hydro- 
peroxides to build an indispensable structural element of 
the spermatozoon. 

Any shortage of PHGPx during sperm maturation, be it due to 
selenium deficiency, other reasons of inhibited biosynthesis 
or inhibition of activity should therefore result in dis- 
turbed sperm midpiece architecture and, in consequence, loss 
of fertilization potential of sperm. This conclusion was fur- 
ther corroborated by determination of reactivated PHGPx in 
sperm of individuals with documented fertility problems. The 
latter were divided into three groups: depending on whether 
i) intrauterine sperm injection ( iui ) or ii) conventional in- 
vitro-fertilisation (ivt-et) was still successful or iii) in- 
tracytoplasmatic sperm injection was required (icsi). As 
shown in Fig 4, the PHGPx values differed markedly between 
these groups. While the iui group displayed values close to 
normal, PHGPx in the icsi group was almost absent, the ivf-et 
group ranking in between. The reasons of the diverse PHGPx 
content being unknown, the data reveal that markedly reduced 
PHGPx content in sperm is incompatible with normal male fer- 
tility. Similarly, there is a strong correlation between 
"typical" sperm appearance (Fig 5) and "fast" moving sperm 
with PHGPx content {Fig 6). This correlation, however, shows 
marked scattering of data indicating that PHGPx content of 
sperm is not the only reason of abnormal shape and motillity 
of sperm. It should also be pointed out that the sperm sam- 
ples were taken from individuals without any obvious disease 
suggesting that extremely reduced PHGPx levels are well tol- 
erated . 
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Taken together, the ovservation that PHGPx builds up an 
esssential structure of sperm and that its content in sperm 
correlates with the fertilization potential leads to the in- 
ventive concept to use the PHGPx content of sperm as a pre- 
dictive parameter for the necessary measures to overcome male 
fertility problems. To this end, it appears necessary to re- 
activate the PHGPx contained in sperm in order to estimate 
its content by either immunological methods or by any of the 
established determinations of its specific activity. (28, 
29 ) . 

Methods 

Preparation of rat spermatozoa, tubular cells and mitochon- 
drial capsule 

Spermatozoa of four month old Wistar rats (about 300 grams of 
body weight) were collected by squeezing cauda epididymis and 
vas deferens in phosphate buffer saline (PBS) and by centri- 
fugating at 600 x g for 10 minutes. Cell and sperm pellets 
were layered on a discontinous 45%, 70% and 95% Percoll gra- 
dient and centrifugated at 300 x g for 20 min. Spermatogenic 
cells stacked on top of the gradient, while spermatozoa sepa- 
rated into the 70% Percoll layer. Cells from seminiferous 
epithelium were prepared as follows (26): testes were de- 
prived of albuginea , seminiferous tubules were cut into small 
pieces in PBS containing 0.250 mg/ml collagenase, and incu- 
bated twice 25 °C for 15 min. Cells then were filtered 
through a stainless steel screen (140 pm pore), washed in PBS 
and centrifugated at 300 x g for 10 min. Sperm mitochondrial 
capsule was prepared according to Calvin et al . ( 1 ) : sperms 
were resuspended in 0.05 M Tris - HCl pH 8.0 at the concen- 
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tration of 10 6 cells/ml and treated with trypsin (0.2 mg/ml) 
for 10 minutes. After stopping the protease action with tryp- 
sin inhibitor (0.5 mg/ml) and SDS (10 mg/ml) sperms were cen- 
trifugated at 1,500 x g for 10 minutes. Pellets were resus- 
pended in 0.05 M Tris - HCl, pH 8 . 5 containing 1% sodium do-, 
decyl sulphate (SDS), and 0.2 mM DTT and kept under continu- 
ous stirring for 30 minutes. Following centr if ugation at 
4 , 500 x g for 15 min, the resulting supernatant was layered 
on a 1.6 M sucrose cushion. After centrif ugation for 20 min 
at 18,000 x g in a swinging rotor, sperm capsules were col- 
lected as a band at the top of the sucrose cushion, washed in 
Tris - HCl, pH 8.0 and spun at 140,000 x g. 

lD-electrophoresis and Western blotting 

Electrophoresis was performed according to Laemmli under ei- 
ther reducing ( + 2- mercaptoethanol ) or non-reducing condi- 
tions. Proteins were blotted onto nitrocellulose, probed with 
an antigen-purified rabbit antibody raised against pig heart 
PHGPx and detected by biotinylated anti rabbit IgG and strep- 
toavidin alkaline phosphatase complex. 

2D-electrophoresis 

10 0fvg of the mitochondrial capsule material was dissolved in 
400 ^1 of a solution containing of 7 M urea, 2 M thiourea, 4% 
CHAPS, 40 mM DTT, 20 mM Tris base and 0.5% IPG buffer (Phar- 
macia) and focused in an IPG-phor (Pharmacia) at 20°C by 
stepwise increasing voltage up to 5000 V but not exceeding a 
current of 30 jjA per IPG strip. The pH gradient was non- 
linear from 3-10 or linear from 3-10 or 6-11. The focussed 
IPG strips were then equilibrated for SDS electrophoresis (10 
min each ) with a solution containing 60 mM DTT in 6 M urea, 
30% glycerol, 0.05 M Tris-HCl buffer pH 8.8 and in the same 
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buffer where DTT was substituted by 250 mM iodoacetamide . Af- 
ter SDS-electrophoresis (12% polyacrylamide ) the gels were 
stained with Coomassie. 

s Protein identification 

Coomassie-stained spots were cut out from the gels, neutral- 
ized with (NH 4 )HC0 3 , destained with 400 }ul 50% acetoni- 
trile/10 mM (NH 4 )HC0 3 and dried in a Speed Vac Concentrator. 
Protein digestion was done overnight using 2 ng/^1 sequencing 

3o grade trypsin (Promega) in 50 mM (NH 4 )HC0 3 (Boehringer, Mann- 
heim) . The resulting peptides were extracted twice with 60% 
acetonitrile / 40% H 2 0 / 0.1% TFA. Extracts were combined and 
lyophilized in the Speed Vac Concentrator. Peptide digests 
were desalted on small RP 1 8-columns , eluted with saturated 

is a-hydroxy-4-cyano-cinnamic acid and loaded directly onto the 
MALDi target (27). Reflectron MALDI mass spectra were re- 
corded on a Reflex™ MALDI /TOF— mass spectrometer (Bruker- 
Franzen-Analytik, Bremen). The ions were excellerated at 20 
kv and reflected at 21.3 kv. Spectra were externally cali- 

20 brated using the monoisotopic MH + ion from two peptide stan- 
dards. 100-200 laser shots were summed up for a single mass 
spectrum. Mass identif cation was performed with MS-Fit 
( http: / /falcon . ludwig . ucl . ac . uk/ucsf html/msf it . htm ) . 

25 Alternatively, protein spots from 1.5 mm 2D-gels were di- 
gested with modified trypsin (Promega, sequencing grade) in 
25 mM (NH 4 )HC0 3 overnight at 37 °C. The digests were extracted 
twice and dried as before and reconstituted in 10/./ 1 water. 
Peptides were separated on a reversed-phase capillary column 

30 ( 0 . 5 mm x 150 mm) with a gradient of acetonitrile in 0.1% 
formic acid / 4 mM ammonium acetate at a flow rate of 5^1/min 
and collected manually. Aliquots of 5 yl were spotted onto 
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Biobrene-treated glass fiber filters and sequenced on an Ap- 
plied Biosystems 494A sequencer with standard pulsed-liquid 
cycles. Before N-terminal sequencing, proteins were blotted 
from polyacrylamide gels onto PVDF membranes for 16 h at pH 
8.3 (25 mM Tris-HCl, 192 mM glycine) and 100 mA (30 V). 



When applicable, PHGPx was also 
urement according to (28) using 
phatidylcholine hydroperoxide. 



identified by activity meas- 
the specific substrate phos- 



Figure 1 Presence of PHGPx in the mitochondrial capsule of 
spermatozoa . 

a, Mitochondrial capsule prepared by trypsination and cen- 
trifugation according to (1) at 80,000 fold magnification. 

b, The same preparation as shown in a, but after exposure to 
0.1 m 2-mercaptoethanol for 15 min at 4°C. Contamination of 
the capsule material by mitochondria is evident from the 
presence of mitochondrial ghosts, c, SDS gel electrophoresis 
of proteins extracted from capsule material (see Methods) by 
treatment with 0.1 M 2-mercaptoethanol, 0.1 M Tris-HCl, pH 
7.5, and 8 M guanidine HC1. Left lane is stained with Coomas- 
sie, right lane demonstrates presence of PHGPx by Western 
blotting . 

Figure 2 showws the analysis of the composition of the mito- 
chondrial capsule of spermatozoa 

a, 2D-electrophoresis of purified dissolved capsule material. 
Proteins were focused in a linear pH-gradient from 3 to 10 
(horizontal direction), then reduced, amidocarboxymethy lated , 
subjected to SDS-electrophoresis , and stained with Coomassie. 
MALDI-TOF analysis of the visible spots identified the fol- 
lowing proteins (SwissProt data base): spot 1-7 PHGPx (MW 19 
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443; pi 8.27; acc . no. 544434); spots 8 and 9, outer dense 
fiber protein (MW 27351; pi 8.36; acc. no. P21769); spots 10 
and 11, voltage-dependent anion channel-like protein (MW 
31720; pi 7.44; acc. no. 540011); spot 12, "stress-activated 
5 protein kinase" (MW 48107; pi 5.65; acc. no. 493207); spot 
13 , glycerol-3-phosphate dehydrogenase ( MW 76479 ; pi 5.86; 
acc . no. P35571 ) . 

b, MALDI-TOF spectrum (overview) of tryptic peptides obtained 
from PHGPx as found in spot 3. Abscissa, mass/charge ratio 

lo of the peptide fragments; ordinate, arbitrary units of inten- 
sity; numbers at mass signals, identified peptides in the 
PHGPx sequence {see insert for position numbers); T, trypsin- 
derived fragments. 

c, Compilation of tryptic PHGPx fragments identified in spots 
is 1-7 by MALDI-TOF. Vertical lines designate potential tryptic 

cleavage sites. Dark blocks, identified typical cleavage 
products; shadowed blocks, masses resulting from incomplete 
cleavage or equivocally assignable to different fragments 
(e.g. 3-9 and 63-69 ) . 

20 

Figure 3 shows the formation of PHGPx-containing aggregates 
from spermatogenetic cells by H 2 0 2 in the absence of GSH . 
Spermatogenic cells were homogenised in 0.1 M Tris-HCl, 6 M 
guanidine-HCl, 0.5 /jg/rnl pepstatin A, 0.7 /./g/ml leupeptin and 

25 5mM 2~mercaptoethanol at pH 7.5 and 4°C. After centrif ugation 
at 105, 000 x g for 30 min , excess reagents were removed by 
gel permeation using NAP 5 columns equilibrated with lOmM 
Tris-HCl, 0.15 M NaCl, ImM EDTA and 0.1% Triton X-100, pH 
7.5. Immediately (t 0) and 15 min after (t 15) the addition 

30 of 75 jjM H 2 0 2 aliquots of the mixture (0.05 mg of protein) 
were withdrawn and subjected to electrophoresis under (a) re- 
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ducing and (b) non reducing conditions. After blotting on ni- 
trocellulose, PHGPx was detected by specific antibodies. 

Figure 4 shows the PHGPx specific activity in extracts (0.1% 
Triton X-100 and 0.1 M 2-mercaptoethanol of human sperm. Cor- 
relation between this parameter and therapeutic appproach in 
cases of couple infertility. 

Figure 5 shows the relationship between PHGPx specific activ- 
ity and number of "typical" sperms per milliliter of semen. 
"Typical" is a morphological parameter of sperm evaluation. 

Figure 6 shows the relationship between PHGPx specific activ- 
ity and number of "fast" sperms per milliliter of semen. 
"Fast" is a parameter of sperm mobility. 

Table 1 PHGPx activity in spermatogenic cells, spermatozoa 
and sperm capsule. Effect of thiols. 

Preparation mU/mg protein a ' b 
Cells from seminiferous tubules 



5 mM 2-mercaptoethanol c 



250 ± 10 



100 mM 2-mercaptoethanol c 
Spermatozoa from tail of epididymis 
5 mM 2-mercaptoethanol c 



undetectable 



260 ± 10 



100 mM 2-mercaptoethanol c 
Mitochondrial capsule 



3,140 ± 200 



5 mM 2-mercaptoethanol 



c 



undetectable 



100 mM 2-mercaptoethanol 



c 



5,600 ± 290 
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n One enzyme mu catalyzes the reduction of one nanomole of 
phosphatidylcholine hydroperoxide per minute at 37 °C in the 
presence of 3 mM GSH. 

s b Data are the mean and S. D. of five independent measure- 
ments . 

c Solubilisation / reduction was carried out in 0.1 M Tris- 
HC1, 6 M guanidine-HCl , 0.5 jug/ ml pepstatin A, 0.7 jug/ml le- 
10 upeptin and 2-mercaptoethanol as indicated at pH 7.5 and 4 °C 
for 10 min Low molecular weight compounds were removed before 
activity determination by a NAP 5 cartridge. 
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Claims 

Method for the determination of latent phospholipid hy- 
droperoxide glutathione peroxidase ( PHGPx ) comprising 
the steps of 

a) obtaining a sperm sample, 

b) solubilizing the spermatozoa by using detergents 
and chaotropic agents and reactivating latent PHGPx 
by using high concentrations of thiols and 

c) determining enzymatic activity of reactivated la- 
tent PHGPx. 

Method according to claim l r wherein between said step 
of solubilizing the spermatozoa and said step of deter- 
mining the enzymatic activity of reactivated latent 
PHGPx an additional step of removing any reactivating 
reagents is provided. 

Method according to claim 2, wherein said additional 
step of removing any reactivating reagents is performed 
by gel filtration. 

Method according to any of the preceeding claims, 
wherein instead of determining enzymatic activity of re- 
activated latent PHGPx the content of solubilized PHGPx 
is determined by conventional immunological techniques 
or measurement of enzymatic activity. 

Method according to any of the preceeding claims, 
wherein the chaotropic agent is 4 - 8 M guanidine chlo- 
ride, 4 — 8 M guanidine thiocyanate or 5 - 8 M urea. 
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6. Method according to any of the preceeding claims, 
wherein the thiol is 50 - 300 mM 2-mercaptoethanol, 25 - 
300 mM dithiothreitol (DTT) or dithioery thritol (DTE). 

5 7. Method according to any of the preceeding claims, 
wherein the sperm sample is from humans or life stock. 



10 



Use of a method of any of the preceeding claims in a 
method for predicting the fertilizing potential of sper- 
matozoa in sperm samples. 
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